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paper the auto- and isotransplantation, dogs, the 
parathyroid the histories two the dogs (Nos. and 
reported the series experiments were incomplete, the ani- 
mals having been kept for further study. One these dogs (No. 
was observed for fifteen months and was good health until 
the performance the final operation which parathyroid auto- 
too small visible? the naked eye was removed (figures 
The death the dog from hypoparathyroidism occurred 
about three months after the removal the tiny transplant which 
was only 0.25 one diameter and little more than 
this the other. 

The history follows: 

Dog Operation 1908. Excision the right thyroid lobe 
and both parathyroids this side. The right inferior parathyroid was planted 
subperitoneally behind the right musculus rectus abdominis. 


Operation 24, 1908. Excision the left thyroid lobe with its two 
parathyroid glandules. The superior parathyroid, found much lower than usual 
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Fortunately delicate film thyroid tissue had been transplanted with the 
parathyroid glandule. Were not for the occurrence the hypertrophy 
the former, which the latter was embedded, would hardly have been possible 
identify this minute, quite invisible parathyroid autograft. 
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and lying well exposed but somewhat within the substance the thyroid, was 
sliced from the latter include very thin film this gland, and im- 
mediately transplanted subperitoneally behind the left rectus muscle. 

The dog now deprived both thyroid glands. reduced the two 
parathyroid autografts. 


transplant film thyroid gland with the parathyroid 
good precaution, because, our experience, the tendency the 
former hypertrophy when complete thyroidectomy has been 
done, and the latter disappear, and might be, would have 
been this case, impossible discover the transplanted para- 
thyroid except for the presence the hypertrophied thyroid tissue 
which the tiny transplant was embedded. 


March 25. Dog seems unaffected the second operation. 

March 26. lively ever, but has faint tongue tremors. 

March 27. Tongue tremor seen only 

March 30. Temporal well tongue tremors; the latter more than 
last note. Dog not well heretofore. 

April Better. sign parathyroid privation. 

April usual good spirits. tremors. 

May Seems perfect health. tremors. gaining weight. 

May 23. Has become abnormally stout. Myxedema (?). 

June 11. Has greatly increased size. Hair thinner. Skin seems thick- 
ened. quite surely myxedematous. evidence hypoparathyroidism. 
Transferred Drs. Voegtlin and Strouse for observation and experimentation 
during the summer, 

November Dog has been returned Drs. Voegtlin and Strouse. 
seems well, but not active and demonstrative formerly. The myx- 
edema much less. There evidence hypoparathyreosis. 

February 24, Dog has been quite well since the last note. There 
distinguishable myxedema, although the hair still thinner than normally. 

Operation Functional Test. Search for the Transplanted Parathyroids. 
—February 25, 1909. Assisted Drs. Gatch and Emmert. Ether. Through 
mid-line incision from about cm. below the ensiform cartilage the same 
distance below the umbilicus, careful scrutiny the peritoneal surface 
both sides behind the recti muscles was made. The findings the right side 
were negative, had expected, for this was the side which the first 
parathyroid transplantation was made—a transplantation for which deficiency 
had been created. But the left side, very near the mid-line scar, and shimmer- 
ing through locally thickened, almost opaque peritoneum, was dark spheroidal 
body about mm. diameter. excising this nodule, which was done with the 
greatest care, and order that none the transplant might remain, some 
the surrounding tissue was included. Examining the excised piece, feared that 
the greatly hypertrophied graft had been shaved too close behind and accord- 
ingly cut out second 
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was surprised find that the graft had such remarkable 
degree increased size and hoped that last might have evi- 
dence that the parathyroid glandule was capable hypertrophy. 
The color the transplant was the characteristic reddish brown 
with slight suggestion yellow. consistence, was hard 
invaded connective tissue. Its connection with the surround- 
ing tissues, connective and muscular, was intimate, considerable 
reaction had been excited its presence. is, course, pos- 
sible that the other side (the right) there may remnant 
the parathyroid transplanted there the first operation, but, so, 
too small seen the naked eye. 


March 1909. The dog seems very little affected the removal 
the graft. 

March 1o. still, apparently, quite well before the last operation, 
although occasionally there fairly definite fibrillar tremor the tongue. 

March 20. Dog has gradually failed vigor since the last note. be- 
coming myxedematous again. 


This interesting indicating that the disappearance the 
rather excessive myxedema which occurred the second operation, 
after the removal the remaining thyroid lobe, was due, least 
considerable measure, the hypertrophy the delicate and very 
small thyroid film included the parathyroid graft. 


April Dog exhibited before the Interurban Medical Society one 
clinics. Tongue and temporal tremors are pronounced. The Trousseau 
phenomenon readily obtainable both sides pressure over the femoral 
arteries. becoming definitely weaker although still lively and demon- 
strative. 

May Observed each day, since the previous note, Dr. Gatch myself. 
The dog has been steadily failing and now quite weak. The tremors have 
become general and are almost constantly present. sniffles the manner 
characteristic extreme hypoparathyroidism, and the upper lip, handling, 
draws snarling, one both sides. 

May 15. Dog nearly dead that asked Dr. William MacCallum 
see him with view killing him once insure having fresh tissues for the 
autopsy. finally decided postpone this and watch him carefully. 

May 24. Having almost expired, the dog killed under anesthetic. 


serial sections expert technician. All the sections were preserved, and 
all those the main piece mounted proper order. the sections the 
underlying second piece contained parathyroid tissue, only every tenth section 
was mounted. Dr. MacCallum studied all the mounted sections with the 
result given him further on. 


3 


208 Parathyroid Autograft Dog. 


Dr. MacCallum performed the autopsy with exceeding care. 
greatly indebted him for the following admirable 


“May 24, 1909. Autopsy Dr. Halsted’s dog (dog which para- 
thyroid had been transplanted (more than year ago) and later removed. 

“Dog emaciated. The hair irregular—has dropped out become thin 
places. Anesthetized and bled death from femoral. Dissection neck 
shown diagram (figure 3). 

“Sutures and ligatures healed imperfectly. There was absolutely solid 
body tissue the region the superficial wound. Muscles carefully stripped 
apart and each mass the tissue labeled and preserved. Larynx separated into 
various parts, trachea examined throughout. Tongue removed and sectioned. 
Hyoid region carefully studied well the original thyroid regions; also the 
lateral and median portions the neck throughout. Four five small masses, 
apparently hypertrophied accessory thyroids, found near the trachea below the 
cricoid cartilage. definite structures this sort found elsewhere. 
obvious parathyroid remains. search made the substernal tissues 
and the tissues about the pericardium and the arch the aorta and pulmonary 
vessels; further thyroid found. Lungs and heart normal. abnormality 
seen the liver, kidneys, pancreas, adrenals, the intestinal tract. 

“Testes seem small—one sectioned appeared fibrous. 

showed macroscopical abnormality. Brain externally normal. 
Wound abdomen behind rectus searched with negative result. 

hypertrophied thyroid tissue. This surrounded dense fibrous capsule and 
composed alveoli empty colloid containing only traces it. They 
are extremely irregular outline, and some are small show lumen 
whatever. They are lined high columnar epithelium. other words, they 
present the appearance described Dr. Halsted arising the course 
hypertrophy the thyroid. 

“(C) large lymph-gland. shows particular lesion. 

“(D) mass hypertrophied thyroid showing the same characteristics 
(A) with beautiful, irregular alveoli and containing glassy looking, ragged 
colloid. 

mass thyroid tissue. The alveoli are not nearly irregular 
the case (A) and (D) and contain good deal more pink-staining colloid 
material. The epithelium not quite high and more smoothly arranged. 
There parathyroid tissue observed. 

mass thyroid tissue containing very large, irregular alveoli with 
columnar epithelium and relatively little colloid. one corner there 
solid mass cells which not closely resemble any normal tissue, but are 
all probability thyroid cells, although they form alveoli. They have not the 
appearance parathyroid tissue. 

“(G) rounded mass thyroid tissue showing the same general char- 
acteristics Its alveoli contain good deal rather ragged colloid 
material. There sympathetic nerve ganglion nearby and the vascular supply 
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the nodule the surface the heart inside the pericardium, also 
thyroid tissue. surrounded thick capsule and composed very 
irregular alveoli. Many these contain granular colloid, while others are 
practically solid and have lumen. 

lymph-gland situated along the brachiocephalic artery. 

hemolymph-gland situated near the first rib the left side. 

lymph-gland near the first rib the right side. 

the tissue just under the arch the aorta. composed chiefly 
fat with many nerves and some ganglia. connection with one these 
ganglion-like masses there small, glandular-like structure which not 
thyroid and not parathyroid, but which probably mass chromaffine tissue. 
composed acini which the cells have ragged protoplasm. They 
not leave very distinct lumen; their rounded vesicular nuclei lie near the base 
the cell. Other masses similar character are scattered the tissue. 

section marked retrosternal lymph-gland shows normal lymph- 
gland surrounded fat. 


“The hypophysis shows rather distinct alterations. The pars 
nervosa practically surrounded the section the pars inter- 
media which perhaps slightly thickened and contains one two 
alveoli full colloid. The pars anterior part very deeply 
stained with eosin, but one portion, and that the major part, 
sharply marked off from this eosin-stained tissue its lilac color. 
contains only few the bright staining cells, but for the most 
part made swollen, faintly granular, palely stained cells. 
These resemble very closely the section obtained Dr. Honans 
after injecting pilocarpin. The cleft the glandular part the 
hypophysis here seen open into the subarachnoid space. 


“The adrenals show abnormality. 
“The spleen seems normal. 


testicle shows absolutely sign spermatogenesis. The 
cells which line the tubules are single rows and are not process 
mitosis. They are drawn out into long filaments which are en- 
tangled the wide lumen the tubules, but there sign 
The whole testis has atrophied appearance and 
looks spongy. The interstitial cells Leydig are inconspicuous. 
Some are seen, least, which lie their position, which are taken 
interstitial cells. They are large and very much vacuolated 
containing large globules fat. gives one the impression that 
these cells, too, which are supposed preside over secondary sexual 
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characters, are markedly influenced the loss the thyroid, 
although their changes are means striking the changes 
the spermatogenic tissue. They are still abundance even 
though rather degenerated appearance their protoplasm sug- 
gests that they have undergone some change. best, however, 
the interstitial cells have very irregular protoplasm. seems that 
perhaps the most interesting result this microscopical study lies 
the determination the complete loss spermatogenic function 
the testicle. 

“No trace parathyroid tissue found anywhere. 

“The pancreas shows abnormality. 

“The kidney shows special abnormality except for the almost complete 
shriveling some the glomeruli. 

“The liver shows abnormality. 

“There quite abundant thymus tissue. the thymus there are some 
cysts, one quite large, one lined ciliated epithelium. Such ciliated cavities 
small size are found quite frequently through the tissue. not see any 
Hassall’s bodies unless these might represent them. The thymus not the 
acme its development but has undergone certain amount atrophy. 

“The sections the little body removed the third operation 
the site the parathyroid gland are composed 
chiefly thyroid tissue. This tissue closely resembles the human 
thyroid cases exophthalmic goiter, large are the alveoli and 
great the amount convolution. small mass parathyroid 
tissue found, but only limited number slides and right 
the edge the sections. first makes its appearance the middle 
slide extends, then, through all the sections slide and 
disappears finally the last section slide 4—that is, extends 
through sections. These sections are not perfectly uniform 
thickness but will probably average microns. This would 
make the mass parathyroid tissue measure from 320 480 mi- 
crons thickness, that is, less than the mass 
measures not more than mm. measured stage micrometer. 
almost inconceivable that small mass could have been 
sufficient carry the function the gland. enclosed 
dense fibrous tissue which abundantly vascular and has the usual 
structure parathyroid gland. shows degenerative changes, 
but one point there are tubular structures embedded the gland 
which are rather difficult interpret. These are lined flattened 
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epithelium and are really not directly contact with the gland 
tissue but are surrounded hyaline connective tissue. The cells 
the parathyroid and the nuclei are pretty well preserved. The 
thyroid tissue round about composed alveoli the most vary- 
ing size, lined with high, columnar epithelium and extremely irregu- 
lar outline, that folds are thrown into the lumen each 
alveolus. Some the alveoli are very small and contain colloid, 
while the larger ones are filled with homogeneous colloid (figures 
and 2).” 

interesting note how slowly the tetany developed and for 
how long time the animal lived after the removal the almost 
microscopic transplant. The final operation was performed the 25th 
February and the first definite sign parathyroid privation was 
not observed until March 10, fourteen days later. This great 
contrast the prompt appearance privation symptoms, one 
two three days after the simultaneous removal dogs all the 
parathyroid bodies, but accord with observations made 
1887 and 1888, that when these glands are removed two time 
with considerable interval between the operations, the outbreak 
tetanic symptoms may delayed several days. Dog lived 
three months absolutely without parathyroid tissue, far, least, 
was possible with the most painstaking search, determine 
this fact. Whether not there was somewhere the animal’s 
body particle parathyroid tissue remaining the time its 
death will, course, never known, but quite certain that the 
removal “epithelial body” small practically in- 
visible produced the almost inconceivable effect described, namely, 
death from tetany animal whose condition prior the removal 
the few cells had been excellent. 

The dog’s organism had, seems, some way accommodated 
itself the loss all its parathyroid tissue except the quite in- 
visible remnant the graft; that the removal this minute 
fragment, the impression produced was neither immediate nor 
profound after the excision these glandules the animal 
unprepared for their loss. 

confirmation the story dog that another dog (No. 
operated upon three times precisely the same way, approxi- 
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mately the same dates, and affected almost identical manner. 
The differences observed the two dogs tend strengthen rather 
than weaken the argument which has been advanced. 

dog both thyroids and all the parathyroids had been removed 
two operations, and one parathyroid transplanted extraperi- 
toneally each these. But the myxedema dog became 
excessive after the removal the second thyroid lobe (second 
operation) and remained the end its life year later. 
Furthermore, mild symptoms parathyroid privation persisted 
throughout, and finally, prolonged and thorough search (third opera- 
tion) for the parathyroid autograft was negative result although 
the sites the transplantation these bodies had been accurately 
recorded. Unfortunately, the non-resistant myxedematous tissues 
this dog became infected the course the prolonged third 
operation and death from peritonitis followed quickly that there 
was not time for the development lethal tetany. The slight previ- 
ous symptoms hypoparathyroidism became, however, definitely 
intensified. the autopsy accessory thyroid could found and 
not trace the transplanted epithelial bodies. The persistence 
the myxedema this case explained the facts that 
the parathyroid glandule transplanted the second operation was 
devoid thyroid film, and that accessory thyroid glands were 
wanting. That the search for the parathyroid transplants dog 
should have been negative the findings dog explain; for had 
not been for the hypertrophied thyroid film this dog would 
probably have been impossible, have said, discover the 
remnant the parathyroid graft. 


PART II. 


Although thousands operations have been performed, the 
world over, for the cure Graves’ disease, are not yet 
position state how much the thyroid gland should removed 
any given case. Some the severest cases have been suffi- 
ciently cured the removal one lobe, and some the mildest 
the excision, almost total, both lobes has been necessary bring 
about cure satisfactory condition. ,But find ourselves 
gradually coming the conclusion that more than one lobe the 
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thyroid gland must removed certain cases Graves’ disease, 
that present quite considerable number these cases 
excise the greater portion both lobes (usually two acts)* pro- 
vided the excision one lobe has not been attended with the desired 
effect, without waiting, formerly, one more years observe 
the result the removal the single lobe. 

two cases, which three and four arteries respectively 
had been tied and both lobes almost totally excised, severe symp- 
toms thyroid intoxication persisted and only after removal all 
but fragment one lobe was satisfactory relief obtained. 

One case died the convulsions thyroid toxemia, one and 
half years after the final four operations which three thyroid 
arteries, one lobe, and two thirds the other had been excised. 

This accords with the observation, recorded above, that the hyper- 
trophy hardly more than film transplanted gland plus, per- 
haps, the hypertrophy minute accessory thyroids sufficed the 
dog cause the disappearance myxedema. 

That very small, seemingly quite negligible part thyroid 
gland with disordered function might responsible for severe toxic 
symptoms quite comprehensible that the removal the 
little thyroid autograft (dog should account for the reappearance 
myxedema. 

The surgeon must, therefore, not despair being able effect 
cure, approximate complete, long any portion the 
thyroid gland, functioning riotously, remains. 

believe that, the present state our knowledge, the opera- 
tion upon the first lobe should conducted just the opera- 
tion the second lobe were definitely contemplated. Therefore, 
small portion each lobe must probably left order pre- 
serve with sufficient certainty the parathyroid glandules. twenty 
(?) our cases Graves’ disease which both lobes have been 
removed this manner, which with present typical, four 
cases hypoparathyreosis have occurred, two these with pro- 
nounced tetany. The symptoms tetany disappeared promptly 
administration calcium lactate, only one case requiring the 
giving this drug for period longer than ten days. These cases 


both lobes are excised one operation. 
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hypoparathyroidism which certainly not single parathyroid 
gland was removed and which the circulation these epithelial 
bodies was protected with the greatest care the preservation 
slice thyroid tissue the hilus the lobe, these cases, say, 
stand interesting relation the results which have obtained 
transplantation the parathyroid glandules dogs. more 
than likely that the epithelial bodies died the side first operated 
upon these cases hypoparathyreosis the human subject, and 
that, this the case, these parathyroid glands had been reduced 
the condition autografts. This inference defendable for the 
reason that the dog tiny fragment parathyroid tissue 
sufficient preserve the health the animal and that improb- 
able that tetany would have supervened our patients the second 
operation one both considerable portions either the 
parathyroid glands had survived the side first operated upon. 
result our experiments dogs, might have prophesied the 
death such autografts inasmuch inconsiderable 
cient deficiency had been brought about. For the past five years 
have been position state, provisionally, that the transplan- 
tation the parathyroid glandules, the following law seems 
exist; namely, that unless considerable deficiency parathyroid 
tissue has been created, the autografts not live. So, too, the 
human subject which first one and then, later, the second thyroid 
lobe removed, the epithelial bodies” reduced the condition 
autografts would more likely die the side first operated 
upon than the side the second operation. Conversely, the 
epithelial bodies the second side would more likely live than 
those the first because, the loss the glandule result 
the first operation sufficient deficiency had been created insure, 
rule, the life one perhaps both those upon the other 
side, however completely their circulation might have been cut off. 
important state that all the cases which post-operative 
tetany developed were highly toxic before operation that the 
ligation two more thyroid arteries from one three acts 
was made preliminary the lobectomies. The ligation these 
arteries, plus the thyroidectomy and plus the connective tissue for- 
mation resulting from three five operations may have been 
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decisive factor the determination the tetany. this true, 
would argument, other things being equal, favor omit- 
ting the preliminary ligation and excising the first operation 
much both lobes seemed likely indicated. But am, 
and alas, with good reason, decidedly opposed the view that the 
intensified toxemia which occurs after lobectomy cases 
Graves’ disease due solely the overactivity the lobe which 
remains and that, consequently, the desperate cases, the safer 
procedure, far mortality concerned, should the removal 
both lobes one operation. would probably out place 
discuss this matter more fully this hence, must 
suffice, this time, say that feel justified firmly endorsing the 
view Kocher that have great safeguard the preliminary 
ligation the arteries the serious cases exophthalmic goiter. 
Quite important the improvement the patient’s condition, 
which usually, for time least, follows the ligation one more 
thyroid vessels and enables the operator proceed with greater 
safety the excision lobe, is, opinion, the indication 
which the operation ligation gives the surgeon the relative 
intensity the reaction likely occur after lobectomy the par- 
ticular case. 


EXPLANATION PLATES. 


PLATE 30. 


Fic. Section the entire graft (five diameters) removed from dog 
fourteen months after the transplantation. 

Fic. The parathyroid and surrounding tissue from figure enlarged (100 
diameters). 
PLATE 31. 


Fic. Diagrammatic representation the findings autopsy dog 
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BULKHEAD SUTURE THE INTESTINE.* 


WILLIAM HALSTED, M.D. 
Professor Surgery, Johns Hopkins University, Baltimore, Md. 


would, think, conceded that end-to-end anastomosis the 
intestine should the method choice were safe the 
lateral anastomosis. Occasionally the circular suture the only 
feasible one. 

Soiling, unquestionably, contributes the mortality attending the 
circular suture, particularly the large bowel, but how important 
this factor cannot definitely determined until shall have been 
completely eliminated. 

The problem making end-to-end anastomosis manner 
more nearly ideal, namely, truly aseptic fashion, has for many 
years confronted surgeons, but only during the past two years, and 
since having had mind some investigations involving the making, 
simultaneously, number resections the gut have given 
the matter serious consideration. experimentation this kind, 
the failure one suture means disaster all, and the loss perhaps 
half day’s work. 

That the solving this problem also worth while from the 
humanitarian point view indubitable. the winter 
10, assisted Dr. Willis Gatch, made number experiments 
dogs the hope that might contribute something toward the 
solution this problem which became the more fascinating the 
difficulties presented increased. Repeatedly certain steps 
procedure which seemed paper and night solved could 
found when tested the operating table the morning far 
from solution ever. 

the simple excision loop bowel, this can carried 
out cleanly and aseptically the resection the appendix. 
sufficed merely sew together the abutted ends the gut, 
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each end having been treated after the manner appendix 
stump, the problem would seem solved. The wall the 
bowel having been reduced its submucous coat crushing 
otherwise, firmly ligated, and cut through with the Paquelin cautery, 
the division the gut accomplished aseptically. The two free 
ends can now abutted and sewed together without manifest flaw 
the technique. But double diaphragm remains impede for 
long time the intestinal contents even the ligatures 
employed the tying-off the gut could relied upon melt 
away with the desired promptness. other words, the amount 
turned the intestinal wall too great. Diaphragms like these. 
which some our experiments were reduced the submucosa, 
may charred the cautery such way that they will ultimately 
slough, but the process separation tissue dense too slow. 
One experiment was carried out this plan. The animal recovered 
with the aid prolonged fast without symptoms obstruction. 
But satisfactory result could not expected uniformly attend 
such procedure. 

Only few experiments had been undertaken when Dr. Gatch 
made suggestion which altogether novel and may prove the 
key the situation. proposed that the bowel ends, occluded 
the described manner, invaginated over contrivance like the 
Harrington collapsible hammer and redivided the cautery 
beyond encircling ligatures which should bind the gut firmly the 
instrument. The end-to-end suture would then made and the 
hammer ultimately collapsed. 

invaginate and redivide the gut seemed particu- 
larly happy idea and one which promised much toward the elucida- 
tion the whole problem. was obvious, however, that con- 
trivance the order the hammer could not suitable, for the 
invaginated ends, after having been burned away, would too 
far apart for the act stitching them together. instrument 
might, grant, devised which would admit the approximation 
the seared ends, but think would better for various reasons 
able treat each gut-end separately. Ona hammer-like instru- 
ment one could not, for example, invaginate the gut indefinitely nor, 
having burned off the ends beyond the ligatures, repeat the process 
another point should there indications for this. 
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Believing, therefore, that was desirable able treat each 
the ends separately, rings very thin soft metal were tested. 
These were made broad enough carry groove their circum- 
ference for the reception the bowel with its confining ligature and 
were provided with little radial spur, within, facilitate the hold- 
ing the rings. But for the crushing the rings, even lead 
ones, with their concavo-convex rims, the force required was 
great that occasioned trauma the bowel. 

Furthermore, the tendency compressing the rings was, 
course, elliptical form which did not permit the disengage- 
ment the encircling ligatures and the indenting sectoroid form 
collapse was attained only with still greater damage the intes- 
tine. And even when indentation the rings was satisfactorily 
accomplished, they were not easily released from the embrace the 
binding threads. 

Then tried soluble rings, and Dr. Gatch provided hard disks 
sugar—thick lozenges which had grooved the circum- 
ference. experienced, however, great difficulty engaging 
these with the ligature. The intestinal peristalsis and slipperiness 
the peritoneal surfaces and the moistened sugar contributed 
the difficulty maintaining the plane surface the sugar disk 
right angles the long axis the bowel. 

soluble cylinder rod which, grooved regular intervals for the 
reception the doubled wall the intestine, might burned 
through together with the invaginated gut. Sticks candy and 
extract licorice, being easily available, were employed, and the 
result the first trial with candy was encouraging. The division 
with the cautery being easily and accurately accomplished, each end 
the bowel remained securely plugged with what might termed 
bulkhead sugar. These warm, sticky bulkheads were pressed 
together and, adhering each other with considerable firmness, 
possibly assisted the act suturing, which happened terminate 
precisely the moment that the sugar had melted sufficiently 
liberate the finger-cot-like diaphragms invaginations the 
bowel-wall. 

Our satisfaction was brief duration, for the next experi- 
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ment were not lucky engaging the grooves the sticks, 
whether candy licorice, decided arm the cylinder with 
number flanges which might easily palpated through the wall 
the intestine, being confident that difficulty would experi- 
enced binding the gut the cylinder between two these flanges. 

After having had brass model constructed serve the posi- 
tive for mould, seemed that would greatly simplify 
matters, discarding the mould idea, make flanges rubber— 
these slipped smooth, soluble cylinder. 

rings rubber were cut from catheter the proper size 
and sticks licorice armed with these flanges. 

Thus another difficulty was overcome. But the procedure was 
still need great refinement. hollow cylinder would, 
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One the ends the divided gut being invaginated the 
wooden mandrel which carries the paper cone. 


thought, preferable the solid ones, for the burning solid 
rod licorice sugar was disagreeable and clumsy performance. 
Hollow cylinders hard gelatin coated with shellac were mounted 
brass mandrels, over all were drawn the rubber rings, and the 
gelatin was burned through the brass mandrels. But the heat 
the cautery made the gelatin adhere the mandrels that the 
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latter could not nicely and the capsules when employed 
without the mandrels lost the required firmness being cut through 
with the cautery knife. 

Then the licorice was again resorted to. found that could 
turned perfect cylinder form and also grooved lathe. Close 
the edge each groove the licorice rod, rubber flange was 
placed. The determination the situation each groove was made 
easy the use the rubber bands which could distinctly felt 
through the intestinal wall even when peristalsis was taking place. 
the ligature encircling the invaginated intestinal wall front 
rubber flange was being tightened, the invaginating rod licorice 


Burned 


TEXT-FIG. one side the gut has been partially burned through the 
cautery knife. 


was slowly withdrawn until the ligature became engaged the 
groove intended for it, was compelled the rubber 
flange. 

The procedure had reached this stage its development when, 
the meeting the American Surgical Association the spring 
1910, reported the progress which had been made. 

Since then the method has been decidedly improved the sub- 
stitution paper cones for the licorice rods. 

Cones any desired size and thickness can manufactured 

few minutes twisting and pasting together narrow strips 
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paper, one after the other, conical form wood, the latter 
used later mandrel. The paper cones are armed, each with 
rubber flange ring cut from catheter. 

The operation then performed follows: The peritoneal 
and muscular coats are divided and stripped back the submucosa 
far enough enable the operator place two ligatures around 


The ends intestine and the paper cones, having been divided 
with the cautery knife are apposed, the invagination bulkheads being held firmly 
place the encircling ligatures. 


the gut and divide between these with the hot knife. prevent 
the slipping these ligatures which are fine silk, and threaded 
straight needles, they are made engage, but not completely 
pierce, the submucosa at, say, three four points before being 
tied. 

The paper cone armed with the rubber ring and mounted the 
mandrel wood carried the latter into the invagination the 
manner shown text-figure When invagination the desired 
extent has been made, ligature strong silk tied with force, 
binding the gut the cone distal the rubber flange. Both ends 
the intestine having been treated this manner, they are burned, 
close the ligatures, down and through the paper cones (text- 
figure 2). The invaginated portion bowel constitutes the bulk- 
head, the paper cones serving merely sustain the pressure the 
confining ligatures. 

The surgeon has not, until now, concerned himself with the liga- 
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the danger 


engaging the invaginated bowel the suture. 


The fingers assistant are producing slight additional invagination elimina 
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tion the mesenteric vessels. The blood supply having been undis- 
turbed is, course, perfect the exact site the ligature. 
Precisely this point the mesentery transfixed close the bowel 
with one the fine milliner’s needles carrying thread for the 
circumvection ligature which occlude the ultimate little mesen- 
teric vessel. The larger vessels supplying the gut distal this 
point are now tied off circumvection ligatures carried needles 
the kind named. The end-to-end anastomosis then with 
the continuous mattress suture, described Dr. Hayward 
Cushing and myself, reinforced here and there interrupted 
stitch (text-figures and 4). 

Particular attention called the possibility calamity which 
even those who are not novices might not always avert unless they 
exercised especial care avoid it. refer the danger includ- 
ing the suture the wall the invaginated bowel. This error 
will not occur the intussuscipiens each side slid little 
further over its intussusceptum bulkhead the fingers 
assistant, shown text-figure stitching being completed, 
remains merely crush the paper cones with the fingers. 
this act, the invagination-bulkheads are liberated and the lumen 
the bowel reéstablished. usually push the freed upper cone 
foot two centrally along the intestine that may better 
softened the time has descended the line suture. 

certain details the method still imperfect. For example, the 
size and thickness, and the degree conicity and impermeability 
fluids the paper cones best suited the purpose have not been 
carefully determined. But our hands the operation its present 
stage development proceeds without embarrassments. is, 
course, probable that something better suited the purpose than 
paper cones will found. 

Advantages the aseptic, except contami- 
nation may occur from stitches which necessity accident 
have been carried into the lumen the intestine. 

Neither the act suturing nor any time after the final 
division the bowel, should one push hard against the edges the cones 
dislocate them into the intestinal lumen. Should there tendency 
this dislocation, may obviated winding ligature-thread around the cone 


few millimeters distal the rubber flange, room being left between the flange 
and the thread for the application the binding ligature. 
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The gut may invaginated any extent, and even after the 
binding ligature has been applied, should seem desirable 
invaginate further, the process may continued indefinitely, with- 
out redivision the bowel, after merely cutting the ligatures. 

Precise control the blood supply. 

Relief from the annoyance clamps any kind, which 
particularly desired when the operator working places 
difficult access. 

The bowel-ends are reduced the same size, which desir- 
able for the end-to-end suture. 

The absolute certainty with which the mesenteric border 
turned in. 

Greater ease stitch-taking, particularly the mesenteric 
border. 

Its simplicity. 

How often have heard the merits new methods intestinal 
suture extolled almost the same words! 

The working out the problem has least been interesting. 

This procedure should practiced repeatedly animals before 
being undertaken the human subject. 

Most the experiments were conducted without aseptic precau- 
tions, and the dogs were killed the operating table. 

Three were operated upon aseptically, and these were kept under 
observation for several weeks. All made uninterrupted recoveries, 
and the intra-abdominal findings autopsy were ideal. 

have not, for several years, had occasion make end-to-end 
suture the intestine the human subject, and not sure that 
should venture, without further experimentation animals, 
employ the bulkhead suture. The procedure not, yet, suffi- 
for desiring publish the Journal Experimental Medicine 
rather than periodical devoted surgery. 
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THE LESIONS PRODUCED THE APPENDIX 
OXYURIS VERMICULARIS AND 
CEPHALUS TRICHIURA.* 


RUSSELL CECIL, M.D., KENNETH BULKLEY, M.D. 


(From the Pathological Laboratory the Presbyterian Hospital, New York, 
and the Surgical Research Fund Columbia University.) 


PLATES 32-35. 


The importance intestinal parasites the exciting cause 
appendicitis was first emphasized 1901 Metchnikoff (1), who 
reported three cases this disease due Ascaris lumbricoides. 
Metchnikoff’s contributions served awaken some interest among 
clinicians parasitic appendicitis, but the subject one which, 
the whole, has received very meager scientific study. 


The commonest parasitic inhabitant the appendix vermicularis. 
Brumpt (2) found pin-worms the appendix 3.5 per cent. normal cases, 
and per cent. all cases appendicitis. 

Railliet’s (3) figures are still higher for the same locality (Paris). 
found oxyuris out 119 cases appendicitis examined, per cent. 
Hoepfl (4) found them less common Germany, but even there could 
demonstrate them the appendix per cent. all cases 
London, Still (5) found oxyuris per cent. all normal childrens’ ap- 
pendices examined autopsy. trichiura probably ranks second 
importance, but much less frequently found. Brumpt and Lecéne (6) 
found trichocephalus per cent. normal adult appendices. Railliet, how- 
ever, cases appendicitis, encountered trichocephalus only 
smitt (7) and Oelnitz (8) found that large percentage diseased appendices 
contained the ova trichocephalus. 

America, the incidence these two parasites the appendix has not 
been studied. Erdman (9) noted the presence pin-worms out 250 
cases appendicitis children, but probable that thorough examination 
the contents the appendix under the microscope would have shown much 
higher percentage. 


far the pathology oxyuris and trichocephalus appen- 
dicitis concerned, may said that the greater part the litera- 
ture the subject consists clinical reports single cases, 
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many which there reference whatever the pathological 
changes found. unnecessary cite these cases. 


Several writers (Wakefield (10), Wagener (11), and Walther (12)) have 
noted that the parasites were attached the mucous membrane, but they give 
descriptions the gross microscopic lesions produced. the other 
hand, number case reports, such those Culhane (13), Martin (14), 
von Moty (15), Pabeuf and Dubois (16), Ashhurst (17), and Bégouin (18), 
contain descriptions the histological changes found, such 
ulceration the mucosa and swelling the lymph follicles, but they fail 
establish relationship between the parasites and the changes described. 

Winkler (19), Hippius and Lewinson (20), Weinberg (21), Romanovitch 
(22), Brumpt and Lecéne (6), and Galli-Valerio (23) have all reported single 
cases oxyuris appendicitis which the parasite shown the actual 
cause the disease. The description nearly every case identical. opera- 
tion, the appendix was lying free and moderately swollen and injected. 
opening the appendix, one more parasites were found attached the mu- 
cous membrane, which was swollen and often marked small ecchymoses. 
Microscopical sections showed the worms burrowing under the mucous mem- 
brane and invading the lymph follicles. Brumpt and Lecéne observed small 
hemorrhages about the invading parasites. Galli-Valerio’s case was that 
gangrenous oxyuris appendicitis boy five years old. The mucous membrane 
showed number necrotic foci surrounded zones inflammation. 
these foci, male oxyurides were found. The author concludes that 
this case, the parasite acted predisposing factor, the bacteria gaining 
entrance through the break produced the oxyuris. The case reported 
Romanovitch the same character. 

Unterberger (24) has reported two cases oxyuris appendicitis, accidentally 
discovered autopsy, both which found the parasite invading the 
mucous membrane. Railliet has recently made study appendices that 
contained oxyurides. While refers the fact that oxyuris sometimes 
attacks the mucous membrane, his study almost entirely biological one, 
dealing with the incidence oxyuris appendicitis, the number parasites and 
the proportion each sex present, and their blood-sucking faculty. 

spite the statement Wichman (25), that trichocephalus never pene- 
trates the intestinal mucosa, Girard (26) and Weinberg (21) have each reported 
case appendicitis which the trichocephalus was found attached the mu- 
cosa the appendix. Girard’s case was child eight years old. The 
appendix appeared normal externally. the mucosa, however, two trichoceph- 
ali were found, attached their anterior extremities the mucous membrane. 
Microscopically, there were inflammatory changes except about the heads 
the parasites, where infiltration leukocytes had occurred, and streptococci 
and Gram negative bacilli were present. case very similar. None 
the coats the appendix showed any changes except the mucosa, which 
one point had been invaded superficially trichocephalus. Weinberg’s 
case, there was inflammatory reaction about the parasite, nor were any bac- 
teria demonstrated the tissue. 
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From this brief but fairly comprehensive review the litera- 
ture, apparent that there has been very little systematic study 
the pathology oxyuris and trichocephalus appendicitis, and 
slight effort determine whether the presence parasites 
diseased appendix fortuitous, predisposing factor, the excit- 
ing cause the disease. 

The present report based study 148 unselected appen- 
dices children between the ages two and fifteen. have 
also included four adult cases oxyuris appendicitis. this in- 
vestigation, have undertaken determine: 

The incidence oxyuris and trichocephalus the normal 
appendices children. 

(2) The incidence oxyuris and trichocephalus the appen- 
dicitis children. 

(3) The percentage appendices containing these parasites 
which specific lesions produced them could demonstrated. 

(4) The character such lesions. 

The material has been collected large part from the two 
surgical services the Presbyterian Hospital. The remainder, 
with the exception one case, has come from other New York 
hospitals. 

the 148 children’s appendices examined, nineteen were normal 
and served controls. They were all removed autopsy from 
children who had died various diseases. three the nine- 
teen, was present. was not found any 
this series. 

The remaining 129 appendices were all from operative cases, 
and all them showed pathological changes. this series, nine- 
teen, about fifteen per cent., contained parasites, the oxyuris being 
found seventeen, and the trichocephalus two cases. 

Our cases may classified follows: 


alus. sites. 

24 2 126 152 
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METHODS STUDY. 


most cases, have examined the appendix the fresh state. 
The condition the serosa having been noted, the appendix was 
carefully opened with small probe-pointed scissors, and the contents 
were inspected with hand lens. parasites were seen, one two 
them were carefully removed, placed glass slide drop 
normal salt solution, and examined under the low power the 
microscope. The characteristic shape and structure the oxyuris 
and trichocephalus made the identification easy. Sections for 
microscopical study were taken the site the worm through 
ulcerated areas. parasites were not seen, the mucosa the ap- 
pendix was washed off with normal salt solution, the suspension 
centrifuged, and the sediment examined under the low power 
the microscope. this way were able, several instances, 
demonstrate the presence oxyuris, where would have otherwise 
escaped detection. every case, the tissue was imbedded par- 
affin, and serial sections were cut and stained with hematoxylin and 
eosin. 


OXYURIS APPENDICITIS. 


the classification cases given above, will observed that 
the twenty-one cases appendicitis associated with oxyuris, 
eighteen were the acute catarrhal, and three the acute gan- 
grenous type. have noted the same predominance the 
catarrhal type the cases reported the literature. Our own 
cases have presented the gross remarkably similar appearance. 
Excepting the three gangrenous cases, which contained nothing 
characteristic, they have shown the following changes: The ap- 
pendix moderately swollen and rigid, but the serosa smooth, 
pale, and glistening. The vessels the serosa may congested. 
opening the appendix, the lumen usually found filled 
with blood and mucus, which can seen writhing one more 
parasites. male oxyuris hard see with the naked eye. 
our series, the number worms present has varied from one 
thirty-five. eight cases the males have outnumbered the females, 
and eight the females outnumbered the males. the remaining 
five cases, the two sexes were equally represented. The mucosa 
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invariably swollen, pale pink color, and appears more velvety 
than normally. most cases, marked here and there, usually 
the neighborhood parasite, dark red purpuric spots, 
small hemorrhagic ulcers. There evidence suppuration, 
gangrene, perforation. several our cases, have seen 
firmly attached the mucous membrane. two cases, 
living worms were seen free themselves from the mucosa while 
under observation. course with the microscopical changes 
that have been most concerned. will convenient classify 
the cases according the lesions found. 

There the group where pin-worms, though present the 
appendix, have apparently produced lesion other than mild 
catarrhal appendicitis. the gross, the appendix thickened and 
rigid and its mucosa swollen, but the focal hemorrhages the 
mucosa are absent, and worms are seen adherent it. 
scopically, the crypts the mucous membrane are filled with 
mucus, and the keim centers the lymph follicles are considerably 
enlarged. The submucosa and muscularis may show changes. 
The serosa usually normal, but may slightly thickened, 
especially the case adults. some cases few scattered poly- 
morphonuclear leukocytes, eosinophils, and lymphoid cells have been 
noted the muscularis and serosa. 

our series seventeen cases oxyuris appendicitis chil- 
dren, have encountered only three such cases (cases 14, and 
20). The four cases oxyuris appendicitis adults also belong 
this group, though two them also showed mild chronic 
changes. all seven these cases have cut serials from 
various parts the appendix, but with negative results far 
specific lesions are concerned. 

the second group, may include those cases which 
the oxyuris has punctured invaded the mucosa, but where there 
has been little destruction tissue. some means other, 
the parasite, usually the male, breaks through the columnar epithe- 
lium, and burrows into lymph follicle. Such lesions may 
recognized the gross small purpuric spots, over which the 
mucosa often appears intact. 

Microscopically, there extensive extravasation blood into 
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the tissue and out through the ruptured epithelium into the lumen, 
but with all evidence inflammatory reaction. those 
cases where the worm has penetrated into follicle, slender trail 
necrotic tissue may traced back through the serial sections 
small break the columnar epithelium, but there infiltra- 
tion leukocytes about it. case there was considerable 
necrosis and infiltration leukocytes about one the parasites 
found follicle. Bacteria were, however, demonstrated the 
necrotic tissue. Six our cases belong this group (cases 
19, and 21). Beautiful examples the puncture wound 
the mucosa were demonstrated cases and (figures 
and 3), while cases and 19, parasites were actually found 
the lymph follicles (figure 4). 

this group, have placed the cases showing destructive 
oxyuris lesions. these there seen more less necrosis the 
mucosa, with the formation ulcers, which are characterized 
(a) hemorrhagic bases, (b) undermined edges, and (c) absence 
inflammatory reaction about them. 

The ulcers are dark red the gross and rather shallow. Micro- 
scopically the submucosa forms the base the ulcer which 
covered with blood and necrotic tissue The edges the 
ulcer are undermined, sometimes markedly so, when the pin-worm 
burrows beneath the mucosa into neighboring follicles (figure 5). 
two cases (cases and the mucosa had been, places, almost 
entirely separated from the submucosa the extensive tunneling 
beneath it. About neither the ulcer nor the sinuses connected with 
it, have ever seen the slightest inflammation. Five our cases 
oxyurides were demonstrated the ulcers. 


The fourth group comprises the cases gangrenous 


citis, associated with oxyuris. Three our cases have been 
this type (cases 12, and 13). case 12, there was per- 
foration. Except for the presence pin-worms the lumen 
the appendix, these three cases differed respect from the usual 
type gangrenous appendicitis. specific oxyuris lesions were 
found this group, though several serials were cut from each case. 

cases and found, addition the lesions already 
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described, foci where the process repair was going on. case 
the ulcer was still present, but reduced small slit, which was 
surrounded granulation tissue. case found deep the 
mucosa remarkable healed lesion, consisting hyaline oxyuris 
surrounded few fibroblasts, and the whole enclosed thick 
capsule dense fibrous tissue (figure 7). 

Autopsy was found three children’s appen- 
dices that were removed autopsy. These serve controls for the 
clinical cases, and were studied exactly the same way, even the 
cutting serial sections. All three appendices appeared normal 
the gross. was noticed that the lumen these cases contained 
yellow feces, instead the blood and mucus seen the patho- 
logical cases. instance were the parasites attached the 
mucous membrane. Microscopically, serials failed reveal any 
punctures ulcerations the mucosa. The lymph follicles, how- 
ever, showed well marked swelling the keim centers. The other 
coats the appendix were normal. 


TRICHOCEPHALUS APPENDICITIS. 


Our series includes only two cases trichocephalus appendicitis, 
one catarrhal, the other gangrenous. The former (case 23) had, 
macroscopically, many the traits oxyuris appendix. 
was swollen and moderately congested. The mucosa was swollen, 
but smooth and pale. Near the base, single whip-worm was 
found, firmly attached its head the mucosa. Microscopically, 
the parasite seen burrowing along just beneath the columnar epi- 
thelium, and, like the oxyuris, producing absolutely inflamma- 
tory reaction (figure 8). The epithelium just over the parasite has 
become stretched and thinned, and has lost entirely its normal struc- 
ture, appearing more like extra coat the worm than like colum- 
nar epithelium. There are changes the other coats the ap- 
pendix. the gangrenous case (case 22), the trichocephalus was 
attached the mucosa, just proximal the gangrenous portion, 
the tissue immediately about the parasite being sound. Micro- 
scopical sections show the parasite burrowing along beneath the 
epithelium precisely the same manner observed the catarrhal 
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case. There was evidence parasitic invasion the gan- 
grenous portion. 
DISCUSSION. 


the series normal appendices compared with that 
pathological appendices, will observed that about the same 
proportion both series (15 per cent.) contained parasites. 
Unfortunately, the series control cases small that definite 
conclusions can drawn from it. Schloss (27) has recently in- 
vestigated the incidence intestinal parasites healthy children 
the east side New York City, and found the oxyuris present 
per cent. Such percentage, even smaller one, would 
probably represent the incidence oxyuris the normal appendix 
children, and would more nearly agree with the figures Still 
already quoted. 

considering the first group oxyuris cases, that is, the several 
cases which there was evidence invasion the mucosa 
the parasites, the question will naturally arise whether the worms 
were any way responsible for the slight pathological changes 
found, for the one hand, five out the 152 appendices studied 
were cases catarrhal appendicitis without worms, and the 
other, three normal appendices, removed autopsy, contained 
worms. believe, however, that the parasites did cause the 
symptoms and tissue changes observed. the first place, 
quite possible that minute puncture wounds were overlooked. 
was obviously impossible cut serial the entire appendix, and 
only that way could the possibility such oversight 
excluded. The hyperplasia the lymph follicles even the con- 
trol cases suggests that the mere presence the oxyuris the 
appendix source irritation the organ, and the absence 
other etiological factors, such kinks, strictures, foreign bodies, 
and bacterial infection, rational suppose that the parasites 
were themselves the exciting agent. 

interesting note that all four the cases occurring 
adults belonged this class. This may nothing more than 
coincidence, but possible that the appendix, after having been 
for years infested with the oxyuris, acquires some immunity against 
the parasite. any rate, the majority (70 per cent.) the 
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cases oxyuris appendicitis children fall into the second and 
third groups, which actual injury the mucosa wrought the 
parasites. Whether slight puncture, penetration into 
lymph follicle, extensive ulceration the mucous membrane, the 
fact remains that the oxyuris has produced definite and character- 
istic lesions the appendix, and that usually these are the only 
noteworthy changes found. The absence inflammatory reac- 
tion about the oxyuris lesions, even those cases where there has 
been extensive ulceration, has been noted various observers 
connection with other parasites. The reason for this phenomenon 
not hand, but the most probable explanation one that would 
attribute some kind negative chemotaxis. this con- 
nection, has occurred remarkable that secondary bacterial 
infections have not oftener been associated with the oxyuris lesions. 
have demonstrated such association only one case (case 
2), but the three cases gangrenous appendicitis may also in- 
stances it. extensive gangrene present these cases might 
readily have blotted out all traces any oxyuris lesions, had they 
been present. have been impressed with the rarity healed 
oxyuris lesions, and have concluded that the puncture wound can 
probably heal without the formation scar tissue. encap- 
sulated focus described case was associated with necrotic foci 
surrounded leukocytes and containing bacteria. One would 
expect such lesions healing pass through the usual phases 
inflammation and repair. Lesions, however, which are entirely 
free from inflammatory changes, might repaired without any 
visible evidence such repair having taken place. The apparently 
healing ulcer case had been reduced vertical slit, sur- 
rounded vascular connective tissue, and doubt would have 
eventually become patch dense fibrous tissue. 

respect trichocephalus appendicitis, would impossible 
draw many conclusions from study only two cases. Froma 
comparison, however, our cases with those reported Girard 
and Weinberg, quite probable that trichocephalus, 
oxyuris appendicitis, the lesions are confined exclusively the 
mucosa. the same swelling the lymph follicles, and 
invasion the mucosa the parasites. The most noticeable dif- 
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ference between the invasion the oxyuris and that the tricho- 
cephalus that the oxyuris penetrates deeply into the mucosa and 
usually enters lymph follicle, while the trichocephalus burrows 
along just beneath the columnar epithelium. case our 
series, impossible say whether the trichocephalus was im- 
plicated the gangrenous changes the tip the appendix, 
whether the two lesions were entirely independent each other. 
The inference that the slight lesions produced the parasite 
opened the way for bacteria and the onset gangrenous appendi- 
citis. 

two cases out the entire series, have found only the 
ova parasites the contents the appendix, once the eggs 
oxyuris, once those trichocephalus. These cases could, 
course, not included the cases parasitic appendicitis, but 
there remained the suspicion that parasites might have been con- 
cerned the changes noted. Both cases were the gangrenous 
type. 

SUMMARY AND CONCLUSIONS. 


found that nineteen them (15 per cent.) the appendix con- 
tained Oxyuris vermicularis Trichocephalus trichiura. 

The oxyuris much the commoner the two parasites, 
occurring seventeen times, while the trichocephalus was found only 
twice. 

fifteen out the nineteen cases, the parasites were asso- 
ciated with non-suppurative catarrhal type appendicitis. 
the four cases catarrhal oxyuris appendicitis adults also 
included, may said that per cent. the cases appendicitis 
associated with parasites have been the catarrhal type. the 
four remaining cases, the appendix was gangrenous. The cellular 
changes noted the catarrhal cases have been distension the 
crypts with mucus, hyperplasia the lymph follicles, and some 
cases, the presence few leukocytes the muscularis and serosa. 

thirteen the nineteen cases (70 per cent.), there have 
been noted, addition the cellular changes, certain lesions the 
mucosa, unquestionably produced the parasite. the six cases 
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which specific lesions were demonstrated, the extensive gan- 
grene three them might have obliterated specific lesions had 
they been present. Specific lesions were not demonstrated any 
one the four adult cases. 

The oxyuris injures the mucosa breaking through the lining 
epithelium and burrowing into the lymph follicles for greater 
less distance. Its invasion usually accompanied extravasation 
blood into the surrounding lymphoid tissue, and its escape 
through the ruptured mucosa. some cases, the oxyuris produces 
hemorrhagic ulcers the mucous membrane, the edges which 
are undermined and the bases formed the submucosa. 
characteristic feature the oxyuris lesions the absence in- 
flammatory reaction about them, except those cases where there 
secondary bacterial infection. 

some instances, the oxyuris may become encapsulated the 
mucosa with fibrous tissue, and itself undergo hyaline degeneration. 
Such process constitutes healed oxyuris lesion. 

The trichocephalus attacks the mucous membrane the ap- 
pendix manner similar that described for the oxyuris, and 
there the same absence inflammation about the invading 
parasite. The trichocephalus, however, instead invading 
lymph follicle, shows tendency burrow along just beneath the 
columnar epithelium. 

The conclusion drawn from these facts that oxyuris 
and trichocephalus, when they occur diseased appendix, are, 
most cases, the existing cause the pathological changes found. 

are indebted Dr. Blake and Dr. Eliot for permission 
use the material from their services the Presbyterian Hospital; 
Dr. Charles Norris, Bellevue Hospital, Dr. Humphreys, the 
German Hospital, Dr. Elser, the New York Hospital, Dr. Charles 
Dowd, Roosevelt Hospital, and Dr. John Vaughan, for 
specimens; Mr. Louis Schmidt, the Rockefeller Institute for 
Medical Research, for the photographs. 


CASE HISTORIES. 


Case P., female, years. Operation, December 10, 19009. 
The appendix 7.5 cm, length. The serosa smooth, pale, and glisten- 
ing. Except for slight swelling, the appendix appears normal externally. 
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The lumen contains bloody mucus which are number thread-worms, 
males, females. Some the worms are adherent the mucosa. The mucosa 
swollen and marked hemorrhagic foci. 

Microscopical sections were cut serials from various parts the ap- 
pendix. all, 808 sections were made. 

Microscopical lumen filled with mucus which are 
suspended many red blood corpuscles, considerable brown pigment, leukocytes, 
chiefly the lymphoid type, and granular detritus. few ova tricho- 
cephalus also occur. The mucous membrane intact some sections. 
others, has been partially destroyed. These ulcers are lined with necrotic 
tissue which contains many red blood cells and few lymphoid cells. The 
ulcers show marked tendency undermine the mucous membrane, some 
them being continuous with necrotic tracts the submucosa, which extend half 
way around the appendix. Lying the ulcers and their submucous branches 
are male thread-worms cut various angles. Following these through the 
serials, one finds that they have gone head first, and that they are boring 
their way beneath the mucosa (figure 5). The tunnels often terminate lymph 
follicles, the keim centers which are swollen and the seats small 
hemorrhages. There remarkably little inflammatory reaction about the ulcers 
and their branches. None the ulcers reach the muscularis, thin strip 
hyaline submucosa invariably separating them. The muscularis, however, 
infiltrated with moderate number eosinophils. The serosa somewhat 
thickened and infiltrated some points eosinophils, polynuclear leukocytes, 
and lymphoid cells. 

ova Trichocephalus dispar the lumen; acute catarrhal appendicitis. 


Case 2—M. M., female, years. Operation, December 11, 1909. 

The appendix cm. length. The serosa smooth and glistening, but 
the vessels are injected. The mucosa pale and swollen, and dotted with 
small purpuric areas. The appendix contains oxyurides, males and 
females. one point near the tip, the tail oxyuris protrudes from the 
mucous membrane distance mm., the remainder the worm being 
apparently buried beneath it. 

Serial sections were cut from various parts the appendix, mostly through 
the hemorrhagic foci. all, 700 sections were examined. 

Microscopical hemorrhagic areas correspond points 
where the oxyuris has invaded the wall the appendix. variety lesions 
are seen, exemplifying the different stages the parasite’s invasion. one, 
male oxyuris found curled lymph follicle which yet has suffered 
little damage from the presence the worm (figure 4). tracing this 
lesion through the serial, diagonal tract necrosis, just wide enough 
admit the worm can found from the break the mucosa down the 
infested follicle. Another lesion shows male oxyuris, again lymph 
follicle, but this time surrounded zone necrotic tissue, outside which 
occur large numbers polynuclear leukocytes and eosinophils and few cocci 
and streak necrosis connects this focus with the lumen the 
appendix. still another point, the submucosa and surrounded lymphoid 
tissue, there seen small focus hyaline material surrounded epithelioid 
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cells, which are, turn, enclosed dense fibrous capsule. the midst the 
hyaline area, the remains oxyuris can clearly made out. The outlines 
the parasite are sharp, but the structure the worm has been great part 
obliterated (figure 7). 

The mucosa intact except those points where has been destroyed 
the invading pin-worms. The lymph follicles are swollen. The stroma about 
the crypts and follicles infiltrated with large numbers eosinophils and 
few polynuclear leukocytes. The submucosa and muscularis contain many 
eosinophils. The serosa thickened and infiltrated with eosinophils, lymphoid 
cells, and polynuclear leukocytes. 

encapsulated oxyuris submucosa; acute catarrhal appendicitis. 


Case D., female, years. Operation, December 18, 1909. 

The appendix cm. length. The vessels the mucosa are injected, 
and the serosa smooth. The appendix swollen. The lumen large and 
contains bloody mucus which are seen many pin-worms, all, and only 
males. small part the appendix near the tip not opened. The mucosa 
swollen and dotted with minute 

Microscopical sections were cut serials from various parts the ap- 
pendix. all, 1,948 sections were examined. 

Microscopical Examination—The mucosa for the most part intact. Sec- 
tions, however, through the petechie show extensive extravasations blood 
into the lymph follicles. Hemorrhagic tracts lead from these into the lumen 
the appendix, the blood passing out through small breaks the superficial 
epithelium. one these hemorrhagic tracts, female oxyuris seen. An- 
other parasite seen the act invading the mucosa (figure 2). The lymph 
follicles are considerably larger and more numerous than normally. There 
some infiltration polynuclear leukocytes and lymphoid cells about the blood 
vessels the muscularis. The serosa slightly thickened, and its vessels 
are engorged with blood. There moderate infiltration the serosa places 
with polynuclear leukocytes and lymphoid cells. 

catarrhal appendicitis; invasion the mucosa the ap- 
pendix Oxyuris vermicularis. 


Case 4.—M. B., male, years. Operation, February 18, 

The appendix cm. long. swollen and rigid. The serosa injected. 
The lumen contains blood and mucus, and one female oxyuris. The mucous 
membrane reddened and swollen. Near the tip, there dark hemorrhagic 
area over which the mucosa apparently ulcerated. 

long serial was cut through the hemorrhagic area, and shorter ones 
through other parts the appendix. Altogether, 846 sections were examined. 

Microscopical Examination—Sections through the hemorrhagic focus show, 
one point, extensive extravasation blood, with destruction the 
overlying epithelium. either side, the hemorrhage excavates the mucous 
membrane for some distance, separating the lymphoid structures from the 
submucosa. Mixed with the blood there considerable granular detritus, and 
occasional small bits material resembling the outer cuticle oxyuris. 
There inflammatory reaction about the hemorrhage. The lymph follicles 
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all parts the appendix are swollen. The submucosa, muscularis, and 
serosa show changes. 

Diagnosis—Hemorrhages from the mucosa the appendix due Oxyuris 
vermicularis; acute catarrhal appendicitis. 


Case 5—W. A., male, years. Operation, February 25, 

The appendix cm. length. slightly swollen. The serosa in- 
jected. The lumen contains yellow fecal material which found one female 
oxyuris. The mucosa swollen, and several places there are small, dark 
red, eroded foci that resemble ulcers. 

Serials were cut from various parts the appendix, sites hemorrhagic 
foci. all, 366 sections were studied. 

Microscopical Examination—The only changes found the appendix are 
those that occur the mucosa. The lymph follicles are swollen, and many 
points there are extensive extravasations blood into the follicles, some 
which are direct connection with the lumen the appendix means 
slender sinuses. Small areas necrosis occur some these hemorrhages. 
One ulcer found extending down into the submucosa. There infiltra- 
tion leukocytes, but the tissue about rich young blood vessels and 
has the appearance granulation tissue. 

Anatomical Diagnosis—Hemorrhagic the appendix due 
oxyuris; healing oxyuris ulcer; acute catarrhal appendicitis. 


Case D., female, years. Operation, April 

The appendix length. slender, smooth, and pale. The lumen 
contains pin-worms, male and female. The mucosa pale. hemor- 
rhages. ulceration. 

Serials were cut through several different points. all, 540 sections were 
studied. oxyuris ulcerations are found. The mucosa contains many 
eosinophils, absent places, but the possibility mechanical erosion cannot 
excluded. The lymph follicles are swollen. The muscularis and serosa 
show, places, groups lymphoid and plasma cells. The lumen larger than 
normally. 

Anatomical Diagnosis—Oxyuris the appendix; acute catarrhal appen- 
dicitis. 

Case H., female, years. Operation, April 21, 1910. 

The appendix cm. long. somewhat swollen. The serosa smooth 
and injected. Right the tip, oxyurides are found, males and female. 
One the males attached the mucosa, but while under observation 
seen free himself. The mucosa the tip reddened. 

complete serial section the tip was cut, and shorter serials from various 
other parts the appendix. Altogether, 422 sections were studied. 

Microscopical mucosa intact, except the point where 
the male oxyuris was found attached the mucosa. this portion the 
serial, cross sections the parasite are seen lying free the mucosa. one 
point there fresh break the epithelium, through which there pouring 
out blood, rich leukocytes (figures and 2). This stream can traced the 
adjacent lymph follicle, which there has occurred extravasation blood. 
There are small hemorrhages some the other follicles. All the follicles 
are swollen. The submucosa, muscularis, and serosa show changes. 
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acute catarrhal appendicitis. 


Case female, years. Operation, May 20, 

The appendix cm. length, pale, but moderately swollen. The serosa 
glistening. The lumen contains small quantity mucus which there 
found one male oxyuris, and dozen more ova oxyuris. The mucosa 
swollen, but smooth and pale. hemorrhagic foci are found. 

Serial sections were cut different points, 456 sections being studied. 

Microscopical Examination—The mucosa intact except few points 
where artificial breaks are seen. The crypts are filled with mucus. The lymph 
follicles are considerably swollen. The muscularis and serosa are normal. 

the appendix; acute catarrhal appendicitis. 


Case L., female, years. Operation, June 1910. 

The appendix 5.5 cm. length. somewhat swollen, but the serosa 
smooth and pale. The vessels the serosa are injected. The lumen 
found filled with bloody mucus which there are found pin-worms, males and 
females, all located the proximal half the appendix. The lumen large 
this region, and the mucosa the proximal half shows several small hemor- 
rhagic ulcerations. 

serial sections was cut through one the hemorrhagic areas. 

Microscopical Examination—The mucosa covered everywhere with mucus 
containing many red blood cells. one point the mucosa absent and 
partially replaced necrotic tissue, mucus, and red blood cells. The base 
this ulcer formed the submucosa. There inflammation about the 
ulcer. The edges the ulcer are considerably undermined, the necrosis ex- 
tending along for some distance under the mucosa (figure 6). 

male oxyuris found the bed another and similar ulcer. 

ulceration the appendix due Oxyuris vermic- 
ularis; acute catarrhal appendicitis. 


Case years. 

The appendix cm. length. The serosa smooth and pale. Lying 
the mucosa there are pin-worms, males and females. Under two 
the worms the mucosa shows hemorrhagic ulceration. One the other para- 
sites firmly attached the mucosa. 

Three serials were cut, making total 608 sections examined. 

Microscopical taken through the attached parasite 
show adult female oxyuris invading the mucous membrane. The parasite 
has entered the mucosa through small ulcer, and has burrowed out deep 
sinus under the mucous membrane. There moderate amount necrotic 
tissue about the worm, but inflammatory change. another point, recent 
puncture wound found, showing incipient destruction the epithelium. The 
lymph follicles are large. 

the appendix vermicularis; acute 
catarrhal appendicitis. 


Case K., female, years. Operation, July 13, 1910. 
The appendix cm. length. swollen, reddened, and covered with 
fibrin. There are perforations. opening the appendix, pin-worms, 
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males and females, are found the lumen which distended with foul 
smelling pus. There small fecal concretion the central part the 
appendix. The mucosa the distal three quarters gangrenous and ulcerated. 
That the proximal one quarter smooth and pale. 

Serials were cut through both the gangrenous and non-gangrenous portions, 
342 sections being examined. 

Microscopical through the gangrenous part show 
extensive destruction the mucosa, the necrosis places invading the sub- 
mucosa and muscularis. one point the entire wall gangrenous. There 
dense and wide-spread infiltration all the coats with polynuclear leuko- 
cytes. The serosa thickened and infiltrated with leucocytes, and has deposit 
fibrin upon it. 

Sections through the non-gangrenous portion show intact mucosa, 
moderate swelling the lymph follicles, normal muscularis, and consider- 
able fibrous thickening the serosa. evidence invasion oxyuris. 

vermicularis the appendix; acute gangrenous appen- 

Case male, years. Operation, August 25, 

The appendix cm. length. The proximal third smooth and pale. 
The distal two thirds swollen, reddened, and covered with fibrin. One cm. 
from the tip there perforation which readily admits probe. opening 
the appendix, the mucosa the proximal third appears little congested and 
swollen, but otherwise normal. The mucosa the distal two thirds greenish 
gray and gangrenous. Just proximal the perforation, the lumen the ap- 
pendix markedly diminished thickening its wall. the tip, the lumen 
dilated, and contains small concretion. One male oxyuris found lying 
free near the tip. 

Serials were cut from different parts, 188 sections 

Microscopical mucosa for the most part gangrenous. 
one place, the necrosis involves the entire wall. All the coats are infiltrated 
with leukocytes, the polynuclear type predominating the mucosa, lymphoid 
cells and eosinophils the muscularis. The serosa has been converted into 
thick layer granulation tissue. several points there are pigmented foci 
the gangrenous mucosa, but definite oxyuris lesions are found the 
sections examined. 

vermicularis the appendix; acute gangrenous ap- 
pendicitis. 


Case M., female, years. 

The appendix 6.5 cm. length. swollen, reddened, and covered with 
fibrin. the juncture the middle with the distal third the mucosa there 
are one male and one female oxyuris lying free. The mucosa reddened and 
shows superficial ulceration. There perforation. 

Two serials were cut, 140 sections all. 

Microscopical Examination—The mucosa has been large part destroyed. 

The necrosis extends down into the submucosa many places. The vessels 
are intensely congested. one place the necrosis involves the muscularis. 
The serosa thickened, and densely with polynuclear leukocytes. 
There deposit fibrin the serosa. 
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vermicularis the appendix; acute gangrenous ap- 
pendicitis. 


Case 14.—J. D., male, years. Operation, December 15, 1910. 

The appendix 7.5 cm. length, swollen but pale. The serosa smooth 
and glistening. contains feces, mucus, and pin-worms, males and 
females. The mucosa injected but shows ulceration. The worms are lying 
free. 

Several serials were cut, 640 sections being studied. 

Microscopical Examination—The mucosa intact and covered with mucus. 
The lymph follicles are swollen. The submucosa, muscularis, and serosa show 
changes. evidence oxyuris invasion. 

vermicularis the appendix; acute catarrhal appen- 

Case 15.—M. L., female, years. Operation, January 

The appendix cm. length, and moderately swollen. The serosa 
smooth, pale, and glistening. contains pin-worms, males and females. 
The mucosa swollen and injected places, but shows ulceration. 

serial 456 sections was cut. 

Microscopical Examination.—The mucosa intact. The lymph follicles are 
swollen and many eosinophils occur the mucosa. The submucosa, muscularis, 
and serosa are normal. 

vermicularis the appendix; acute catarrhal appen- 

Case 16.—J., male, years. Operation, January 13, 

The appendix cm. length, slightly swollen, but smooth, pale, and 
glistening. The lumen the appendix contains mucus and pin-worms, males 
and females. The mucosa swollen and shows small red areas, but there 
visible ulceration. 

Serials were cut from five different pieces, 540 sections being examined. 

Microscopical mucosa intact, but covered places 
layer mucus, granular debris, and lymphoid cells. The follicles are 
swollen. The submucosa, muscularis, and serosa show changes. oxyuris 
lesions are found. 

vermicularis the appendix; acute catarrhal appen- 
dicitis. 

Case D., female, years. Operation, February 20, 

The appendix measures cm. length, and moderately swollen. The 
serosa smooth, pale, and glistening. The lumen filled with bloody mucus, 
The mucosa swollen and marked two small hemorrhagic foci. Right 
the tip the appendix, one female oxyuris seen lying free the mucosa. 

Serials were cut the tip, and also through the hemorrhagic foci. all, 808 
sections were examined. 

Microscopical Examination.—Sections through the hemorrhagic foci show 
that the mucosa has been part destroyed and its place taken necrotic tissue 
which red blood corpuscles and lymphoid cells occur. The necrosis extends 
down the submucosa, and undermines the mucosa which still survives. There 
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are signs cellular infiltration repair about these lesions. The lymph 
follicles are swollen. The submucosa, muscularis, and serosa show changes. 

vermicularis; acute catarrhal appendicitis. 


Case W., female, years. Operation, February 20, 

The appendix cm. length, and moderately swollen. The serosa 
covered with fibrous tags. The wall the appendix somewhat thickened. 
The lumen empty, except near the tip where there some mucus that con- 
tains pin-worms, males and female. The mucosa slightly injected, but 
smooth 

Several serials were cut, 322 sections being examined. 

Microscopical Examination.—In two the serials, the lumen the appendix 
has been completely obliterated new growth fibrous tissue. others, 
the lumen survives and the mucosa intact, but there deposit mucus and 
lymphoid cells it. The lymph follicles are swollen. 
thickened and hyaline. The muscularis normal. 
infiltrated places with lymphoid cells. 

vermicularis the appendix; chronic obliterating ap- 
pendicitis; acute catarrhal 


The submucosa 
The serosa thickened and 


Case 19.—M. J., male, years. Operation, February 25, 

The appendix cm. length, considerably swollen, but pale and glistening. 
The lumen contains small quantity mucus and male pin-worms, The 
mucosa swollen and shows several elevated hemorrhagic areas. The wall 
the appendix thickened. 

Serials were cut several points, 408 sections being studied. 

Microscopical Examination.—Sections through one the hemorrhagic areas 
show that one point there extensive extravasation blood into lymph 
follicle. The epithelium absent over this point and the hemorrhage extends 
far the surface. The other follicles are greatly swollen. 

another section, male oxyuris found coiled lymph follicle. 
There inflammatory reaction whatever about the parasite. Still another 
section shows male oxyuris penetrating the mucosa through narrow break 
the epithelium. The submucosa and muscularis are normal. 
moderately thickened. 


the mucosa the appendix vermicularis; 
acute catarrhal appendicitis. 


The serosa 


Case 20.—C. S., female, years. Operation, March 

The appendix 7.5 cm. length, reddened, but smooth and glistening. The 
lumen contains soft yellow feces, which are found pin-worms, male 
and female. There small hemorrhagic ulcer the mucosa, just beneath 
the female. Elsewhere the mucosa smooth, but swollen and marked several 
small hemorrhages. 

Several serials were cut, 710 sections all being examined. 

Microscopical mucosa intact. The lymph follicles are 
swollen. The submucosa, muscularis, and serosa show noteworthy changes. 
The serosa somewhat thicker than normally. oxyurides are found. 


vermicularis the appendix; acute catarrhal appen- 
dicitis. 


¥ 
% 
| 


Russell Cecil and Kenneth Bulkley. 243 


Case male, years. Operation, October 

The appendix 7.5 cm. length, swollen, and injected, but the serosa 
glistens. female oxyuris found the lumen, about 1.5 cm, from the tip, 
with its head buried the mucosa. about the mid-point the appendix 
there small hemorrhagic ulcer. Elsewhere the mucosa smooth, swollen, 
and covered with 

Two serials were cut, 693 sections being examined. 

Microscopical Examination.—Sections through the foci above referred 
show rather extensive extravasation blood into the swollen lymph follicles, the 
blood one point pouring out into the lumen through break the epithelium. 
The submucosa, muscularis, and serosa are normal. 

the mucous membrane the appendix (with 
hemorrhage) Oxyuris vermicularis; acute catarrhal appendicitis. 


Case male, years. Operation, May 26, 

The appendix cm. length, swollen, rigid, intensely reddened, and covered 
with fibrino-purulent exudate. Near the tip there small perforation sur- 
rounded zone necrotic tissue. opening the appendix, small fecal 
concretion found about the mid-point the organ. Proximal the con- 
cretion, the mucosa smooth and pale. Distal the concretion and surrounding 
it, the mucosa gangrenous. Immediately proximal the concretion one 
Trichocephalus dispar found firmly attached the preserved portion the 
mucosa. 

serial was cut through the point where the parasite was attached, another 
one through the gangrenous portion, 388 sections being examined. 

Microscopical Examination.—Sections through the non-gangrenous part show 
the mucosa intact, except one point where the superficial columnar epithelium 
reflected over the cross section tricocephalus. There inflammatory 
change and hemorrhage. All the lymph follicles are swollen, however. The 
muscularis contains many eosinophils. The serosa congested and infiltrated 
with lymphoid cells. There deposit fibrin the surface. 

Sections through the gangrenous part show complete destruction the 
mucosa. some places the necrosis involved the entire wall the appendix. 
All coats are densely infiltrated with polynuclear leukocytes. The serosa has 
been converted into thick layer granulation tissue, the surface which 
there deposit fibrin. 

Diagnosis—Invasion the appendix Trichocephalus trichiura; acute 
gangrenous appendicitis. 


Case years. Operation, December, 1910. 

The appendix cm. length. swollen and congested. The serosa 
somewhat thicker than normally, but otherwise shows significant changes. 
opening the appendix, the mucosa swollen but smooth. Near the base 
there Trichocephalus dispar firmly attached its head the There 
little reaction about the point its attachment, 

serial was cut through the point where the worm was attached. Altogether, 
216 sections were examined. few sections were also taken through the tip. 

Microscopical through the point attachment the 
parasite show sections the parasite just beneath the columnar epithelium. 
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One section shows the epithelium reflected over the parasite, which has ap- 
parently affected break the epithelium, and has then burrowed along just 
beneath (figure 8). There inflammatory reaction about the lesion. The 
lymph follicles are moderately swollen. The submucosa The mus- 
cularis contains moderate number eosinophils. The serosa infiltrated with 
lymphoid cells and eosinophils. 

the mucosa the appendix Trichocephalus 
trichiura; acute catarrhal appendicitis. 


Autopsy Case H., male, years. Cause death, meningitis. 

The appendix measures cm, length, and slender and pale. The serosa 
smooth and glistening. The lumen contains small quantity soft feces 
which are found male oxyurides. The mucosa smooth, pale, and free from 
swelling. 

serial sections was cut about the middle point. 

Microscopical mucosa intact. The lymph follicles are 
swollen. The submucosa, muscularis, and serosa are normal. 


vermicularis the appendix; hyperplasia the lymph 
follicles. 


Autopsy Case 2.—Male, years. Cause death, diphtheria. 

The appendix cm. length, slender, smooth, and pale. The serosa 
glistens. The lumen contains soft yellow feces, which are seen pin-worms, 
male and female. The mucosa appears normal. 

serial sections was cut the point where the parasites were located. 

Microscopical mucosa shows some autolysis, but there are 
pathological changes. The submucosa, muscularis, and serosa are normal. 
The lymph follicles are large. 


vermicularis the appendix; hyperplasia the lymph 
follicles. 


Autopsy Case 3.—A., female, years. Cause death, measles. 

The appendix measures cm. length. slender and pale, and appar- 
ently normal. The lumen contains oxyurides. The mucosa shows changes. 

serial 108 sections was cut through portion the appendix lying just 
beneath one the parasites. 

Microscopical Examination.—The mucosa everywhere intact. Many goblet 
cells are seen. The lymph follicles are large. The submucosa, muscularis, and 
serosa are normal. 


vermicularis the appendix; hyperplasia the lymph 
follicles. 
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EXPLANATION PLATES. 


PLATE 32. 
Fic. Case Superficial puncture the mucosa the appendix 
male oxyuris. small blood clot seen protruding through break the 
mucosa. Cross sections the oxyuris the lumen. 107. 


Fic. Case The same lesion, highly magnified. The structure the 
clot well shown. 320. 


PLATE 33. 
Fic. Case male oxyuris, invading the mucosa. Early stage. 107. 


Fic. Case Invasion lymph follicle male oxyuris. Note the 
entire absence inflammatory changes about the parasite. 107. 


PLATE 34. 
Fic. Case Characteristic undermining the mucosa male oxyuris. 
Necrosis but inflammation. 107. 


Fic. Case typical oxyuris ulcer, filled with blood and necrotic tissue. 
The necrosis undermines the sound mucosa for short distance. 107. 


PLATE 35. 
Fic. Case Hyaline oxyuris completely encapsulated fibrous tissue. 
healed oxyuris lesion. 107. 
Fic. Case 23. Trichocephalus invading the mucosa. The parasite bur- 
rowing along beneath the columnar epithelium which shown reflected over it. 
inflammatory changes. 107. 


PREGNANCY AND CHLOROFORM ANESTHESIA. 
Srupy THE MATERNAL, PLACENTAL, AND FETAL TISSUES.* 


(From the Hunterian Laboratory Experimental Pathology, Johns Hopkins 
Medical School, Baltimore, Md.) 


The question pregnancy and the use anesthetics most 
important one and has called forth numerous contributions and 
large amount speculation and controversy. The opinion seems 
gaining ground that chloroform unsatisfactory anes- 
thetic because danger during the time anesthesia, and, per- 
haps, more because the possibility the so-called effects 
chloroform poisoning.” claimed obstetricians that 
during pregnancy the maternal organism fortunately immune 
the dangers chloroform anesthesia and that the fetus not 
injured chloroform, may the case when ether used 
anesthetic. have made attempt study the resistance 
pregnant animals acute chloroform poisoning, but have studied 
them carefully with the idea comparing the degree late chloro- 
form poisoning with that non-pregnant animals. dogs, the 
liver offers good index the extent late chloroform poisoning, 
the amount central hyaline necrosis can readily estimated. 

previous have reported our observations 
chloroform poisoning dogs which careful study the ne- 
crosis and repair the liver was made. Since have studied 
detail these effects one hundred more animals, believe that 
possible define the average condition that produced. 
Chloroform anesthesia continued for two hours will invariably 
bring about central hyaline liver necrosis normal dogs, that 
best studied after interval forty-eight hours, when the necrotic 
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areas are sharply outlined. The extent the necrosis depends 
unknown factors and includes from one fifth four fifths every 
lobule. animals, rule, are more susceptible, but the 
average amount necrosis from two fifths one half 
each liver lobule. rare for animal fatally poisoned 
after single anesthesia; when this happens, almost complete 
destruction the liver parenchyma has been produced. 

obvious that with this wide individual variation suscep- 
tibility chloroform must cautious drawing any conclu- 
sions the relative susceptibility pregnant animals. study 
the examples given below indicates that, speaking conservatively, 
the normal and pregnant dog are equally susceptible chloroform 
poisoning, whether the latter case the anesthetic administered 
during labor, shortly before it, immediately following delivery. 
The pregnant animals show the same amount liver necrosis 
normal animals, even perhaps somewhat greater amount. 
These observations apply not the effects acute poisoning, but 
only those the late chloroform poisoning, indicated the 
liver necrosis. Clinical observations these animals indicate that 
rough estimate the liver necrosis can made careful obser- 
vations concerning the icterus, vomiting, bleeding from small 
wounds, muscular tremors, stupor, etc. These symptoms may 
very slight severe, depending upon the amount liver injury. 

may interest take the further observations their 
order study. After establishing the point, our own satisfac- 
tion, that the liver pregnant dog was easily injured 
chloroform that normal dog, studied the fetal tissues. 
Much our surprise, was found that the fetal tissues, while 
still utero were absolutely normal and uninfluenced anesthesia 
two hours’ duration. This point having been secured repeated 
tests, the placental tissues were studied with the hope clearing 
this question. was found that normally some areas hyaline- 
like degeneration necrosis may present the border zone 
between the maternal and fetal halves the placenta. After chloro- 
form anesthesia, these areas necrosis may quite conspicuous 
and lead placental separation, hemorrhage, and premature de- 
livery. The possibility then suggested was that the placenta per- 
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formed some the hepatic functions the fetal liver and, perhaps, 
for this reason was susceptible injury chloroform. 

this point, was thought best test the placental and fetal 
tissues for chloroform. was found that the placenta contained 
about one half much the drug did the maternal blood, and 
the fetus, about one eighth much weight present the 
maternal blood. This indicated about the same concentration 
maternal, placental, and fetal blood, that the absence fetal 
liver injury could not explained lack the drug the 
circulating medium. Observations given following report? 
show that pups, for some days after birth, are insusceptible chlo- 
roform poisoning anesthesia, which supports the above conclu- 
sion that the fetal tissues well are not readily subject injury 
chloroform. The reasons for this peculiar resistance the fetal 
liver will discussed later. 

recent publication, has shown that chloroform liver 
necrosis plus bacterial infection may start progressive inflamma- 
tion the liver resulting more less cirrhosis, condition that 
never happens the case simple chloroform necrosis, follow- 
ing which repair perfect. Since the dangers infection time 
delivery are conceded, suggest that after more less liver 
necrosis caused chloroform anesthesia some duration, the 
possibility progressive liver injury thus afforded. 

These considerations cannot rejected pointing numerous 
cases pregnancy and operation where chloroform has been em- 
ployed for one two hours, and favorable outcome has resulted. 
The great majority dogs submitted chloroform for two hours 
will recover after few days with apparent ill effects; and yet 
have been able show that liver necrosis affecting perhaps one 
half every lobule will produced that may completely re- 
paired few days multiplication the normal liver cells. 
one can deny that dangerous experiment damage liver 
severely and trust that the injury may not serious because the 
repair will rapidly effected. There known method esti- 
mating the susceptibility persons animals this drug, one 
can never tell when the limits safety have been passed. 


H., Jour. Exper. Med., 1912, xv, 259. 
L., Jour. Exper. Med., 1910, xii, 367. 
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Experiments have been performed this laboratory ascertain 
whether liver necrosis following chloroform anesthesia can pre- 
vented lessened bleeding and infusion varying intervals 
during after anesthesia, from which appears that bleeding and 
infusion may indeed slightly lessen the resultant liver injury, but 
yet the variation too small estimate view individual varia- 
tions the animals. There evidence from these experiments 
that hemorrhage during delivery could have any protective influence. 


EXPERIMENTAL PART. 


PREGNANCY, DELIVERY (PARTIAL), UTERINE RUPTURE, CHLOROFORM, AND 
Liver 


Dog mongrel, weight 

November 18. Breasts very prominent; animal probably near term. 

November 22. Delivery two pups during the preceding night; one dead, 
the other strong. 

10:30 Chloroform anesthesia for one and half hours; 2/5 oz. given. 
Anesthetic well taken, and the dog came out two minutes after its removal. 
The pup nursed normally during and after the anesthesia. 

P.M. One dead pup born. little later active pup born; nursing 
normally 

Dog very quiet and drowsy. Eyes appeared dull. Large amounts 
water ingested, but there was vomiting. Abdomen definitely tender. 

November 23. Found dead. Rigor mortis present. 

Autopsy performed once. Abdomen, incision, contained fluid 
turbid brownish color with good deal fibrin. rupture the left uterine 
horn was found with part fetus protruding into the abdominal cavity. 
Peritoneal surfaces greatly injected and coated with granular, fibrinous 
exudate. Mediastinal glands greatly enlarged and moist. Heart dilated and 
contained firm clots. Right lung normal; left lung showed areas atelectasis. 
Spleen normal. Intestines and stomach showed normal mucosa. 

Liver enlarged, rather friable, and hyperemic. Lobulation conspicuous, but 
indication marked fatty degeneration. 

Microscopical sections show characteristic picture early central hyaline 
necrosis involving about one half three fifths every liver lobule. The 
necrotic cells are sharply differentiated from the normal cells and show begin- 
ning pyknosis their nuclei and eosin staining their protoplasm. There 
very little fat except just the middle zone and very few wandering cells. 
The extent the necrosis, however, very sharply outlined, indicating the 
usual amount injury following chloroform anesthesia two hours’ duration. 

the uterus there has been some softening and discoloration the placental 
site the point rupture. The rupture measured diameter. Its 
edges were rounded and coated with fibrin. Another fetus found utero 
showed considerable post-mortem change, evidently due placental separation 
before the death the mother. 
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Microscopical sections show the usual appearances the placental site, with 
complete separation the fetal tissues. the peritoneal surface acute 
exudate fibrin and leucocytes. One section the lung shows small patch 
bronchopneumonia with few leucocytes and some fibrin, but considerable 
blood the exudate. 

Pup B-17-a.—November 22. Born during the preceding night; dead and cold. 

Autopsy once. the thymus, many ecchymoses. Heart. and lungs nega- 
tive. Liver rather soft and blood-stained. Kidneys congested. Other organs 
normal. 

Pup 22. Born during the night; active and strong. 

November 23. Pup not well; had not been properly nursed. Died 

Autopsy showed marked congestion everywhere. Intestines distended with 
gas and curds, and splotched with purple areas. Thymus pale. Heart greatly 
dilated. The lungs showed few purplish areas. The spleen presented 
mottled reddish purple appearance. Liver normal gross. Kidneys congested. 
Blood clots normal toughness. 

Microscopical sections the liver show normal parenchyma. The liver was 
evidently actively concerned forming red blood cells. Fat stains show only 
few tiny fat droplets here and there. Spleen and kidney sections normal. The 
small intestine shows extensive hemorrhage into the submucosa, well less 
extensive hemorrhages into the subserous tissue. 

Pup B-17-c—November 22, Born four hours after chloroform 
anesthesia mother. 

November 23. Pup cold and did not look well. This pup had been sub- 
jected chloroform anesthesia for one and one half hours while the uterus 
and was born shortly afterwards. The findings this pup’s liver are par- 
ticular interest when contrasted with the mother’s liver. Pup died 

Autopsy once. Intestines greatly distended with gas and mottled with 
purple patches, the preceding case. Blood clots quite normal. The lungs 
showed large purplish areas bronchopneumonia. Spleen, pancreas, and 
kidneys negative. The liver showed normal lobulation and indefinite purplish 
mottling. 

Microscopical sections the liver show evidence cell necrosis. Great 
numbers blood-forming cells everywhere the sections. Fat stains show 
scattered, small droplets fat the cell protoplasm, normally present 
control animals. Lung sections show extensive bronchopneumonia with 
considerable hemorrhage. The small intestine shows rather extensive sub- 
mucous hemorrhages with some edema the mesentery. Pancreas and kidney 


sections normal. 

particular interest compare the findings the maternal 
and pup livers. The maternal liver showed the usual susceptibility 
chloroform poisoning, although the anesthetic was given during 
delivery. The pup that was born before anesthesia presented 
normal tissues gross and under the microscope. The pup that had 
been subjected chloroform anesthesia utero, with birth few 
hours later, died later than the mother, but the liver tissue showed 
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not the slightest evidence necrosis due the action chloro- 
form which must have been circulated the fetal blood. The 
tissues all respects were similar those the control animal 
born before administration the anesthetic. 


PREGNANCY, CHLOROFORM, UTERINE RESECTION (REPEATED). MATERNAL 
Liver AND FETAL 


Dog fat, long haired mongrel, weight lbs. 

January 28. Operation for removal fetuses (control). Ether began 
10:50 A.M.; changed chloroform 11:30. The left uterine horn including 
one fetus was removed and the end the uterus closed mattress sutures. 
Chloroform anesthesia was continued for two hours, oz. being given. During 
the latter part the anesthesia, muscular tremors were very striking, indicative 
intoxication. The resected uterine horn containing one fetus was injected 
and placed formalin. 

January 29-30. Dog quiet. bleeding and vomiting. 

January 31. Animal well. Urine contained bile pigment. 

Second operation, with chloroform anesthesia, beginning 10:35 
Chloroform anesthesia continued for two hours; oz. given. Anesthesia not 
well taken, and muscular tremors very conspicuous. Operative incision through 
the right rectus with removal part the right uterine horn including two 
fetuses. found that there has been some intra-uterine hemorrhage as- 
sociated with placental separation. The blood the uterus was black and 
unclotted. The uterus and two fetuses were preserved formalin. There was 
good deal bleeding during the operation and oozing from all severed vessels, 
indicating low fibrinogen content the blood. There had been good deal 
hemorrhage into the uterus, indicated its color. 

February Dog weak, but vomiting the morning. 

2:30 Vomiting frequent, and animal obviously much poisoned. Under 
anesthesia, animal bled death from the carotid artery. This blood contained 
only trace fibrinogen. 

Autopsy performed once. Heart normal except for slight increase 
pallor. Lungs normal. The subcutaneous and fat tissues everywhere showed 
marked jaundice. Spleen, pancreas, stomach, and intestine normal. The kidneys. 
showed opaque medullary rays, but otherwise were negative. 

Liver large, pale, and friable, with conspicuous lobulation. The centers 
the lobules were depressed and bright pinkish color, while the edges were 
yellow, opaque, and swollen. 

the uterus, operation wounds had healed well and there was exudate 
these areas. The left horn contained two fetuses which were preserved 
formalin. The right horn contained one fetus. The lower part the uterus 
contained four fetuses, two which were macerated and associated with good 
deal dark, fluid, unclotted blood. One fetus had normal placenta and ap- 
peared normal every respect. incision was made into the thoracic cavity 
and the heart was found beating vigorously. This fetus also was preserved 
formalin. 
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Control fetal tissues were removed before chloroform anesthesia. Micro- 
scopical sections fetal liver perfectly normal, but rather immature type. 
The blood-forming elements are very conspicuous. The placenta shows normal 
tissues everywhere. Small, indefinite areas hyaline degeneration necrosis 
involving some the tissue the junction the maternal and fetal tissues. 
Some sections show marginal hemorrhage with little thrombus formation, but 
there hemorrhage into the placental tissues. Glycogen conspicuous 
many the fetal cells which were intimately associated with the maternal 
glandular epithelium, 

Tissues removed three days after chloroform anesthesia two hours. The 
fetal liver sections are quite normal every respect and exactly similar the 
control. There indication any liver necrosis. The placental tissue shows 
evidence considerable hemorrhage the border zone between fetal and 
maternal tissues. Hemorrhage present also the depths the uterine mucosa. 
Some parts the fetal placenta show necrosis suggesting infarct formation. 
Edema was marked some areas. The areas hyaline necrosis the border 
zone are much more conspicuous than the control sections. 

The tissues obtained autopsy had been submitted chloroform anesthesia 
four hours’ duration; the first period two hours, four days previously, 
the second period two hours, one day previously. The maternal liver sections 
the usual central hyaline necrosis involving about one half each lobule. 
Fatty degeneration extreme grade present addition, involving the 
‘greater part the liver cells which are not completely necrotic. Very little 
‘normal liver tissue present. Perhaps one two rows liver cells about the 
‘portal spaces are relatively normal. Numbers wandering cells are present 
mitotic figures are seen, indicating beginning hepatic regeneration. Fat 
stains show extreme grade fat deposit the peripheral zone every 
lobule. Kidney sections show numerous fat droplets collecting tubules, 
more numerous than normally, but probably having significance. Sections 
the other organs are normal. Placental sections show practically the same 
picture described above. Some the placental sites show good many poly- 
morphonuclear leucocytes the villi the uterine mucosa, but this picture 
not unusual animals that have not been operated upon. The fetal portion 
the placenta shows some areas hemorrhage. 

Fetal tissues were examined considerable detail and presented uniform 
picture every case. The liver was practically identical every respect with 
the control liver. There not the slightest indication any injury necrosis 
sections taken from the various fetuses. The heart, thymus, intestine, and 
lung sections are all normal. One kidney section shows few small hemor- 
rhages into the cortex, but the other sections are normal. Fat stains show some 
fine droplets the collecting tubules the kidney. 


summarize: Dog 88, about one week before term, was poisoned 
chloroform anesthesia and presented liver necrosis the usual 
type and extent. Control fetal and placental tissues removed before 
anesthesia were normal. removed three days after the first 
anesthesia were normal, was one fetus autopsy one day after 
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the second chloroform anesthesia. The fetal liver tissues showed 
evidence necrosis and injury. The showed some necro- 
sis the border zone between the maternal and fetal halves with 
more less hemorrhage and separation. The blood the mother 
showed the usual drop fibrinogen, which important pre- 
disposing factor hemorrhage. 


PREGNANCY, Liver AND FATAL UTERINE HEMORRHAGE. 


Dog 31.—Large bull terrier, weight Ibs. 

May Chloroform anesthesia for two hours; oz. given. Anesthetic 
poorly taken. Muscular twitchings conspicuous. 

May Animal appeared well. Fetal movements felt. Slight bleeding 
noticed from vagina. 

May There had been bleeding from the vagina during the night, but the 
animal seemed bright. There was some vomiting and appetite. Chloroform 
anesthesia for one and one half hours forenoon; oz. given. Death 3:30 

Autopsy once. Liver large, swollen, friable, and presented the usual 
appearance chloroform poisoning. Every lobule showed red center and 
yellow margin. Microscopical sections suggest acute yellow atrophy. Only 
few intact liver cells remain about the portal structures, and these cells contain 
great numbers fat droplets. The central portions show extreme hyaline 
necrosis with numbers wandering cells. 

This necrosis obviously was due the first chloroform anesthesia, death 
occurred four hours after the second anesthesia, which would permit no. 
histological change the result the second anesthesia. 

The uterus was very large and there has been considerable intra-uterine 
hemorrhage with fluid and clotted blood together with eight fetuses. The 
placente showed partial separation from the uterine wall. Microscopical sections 
show certain amount necrosis the border zone between maternal and 
fetal tissues the placenta. Fetuses normal. Sections from the different organs 
are normal. Liver sections were studied with particular care and show 
signs necrosis nor cell injury. Blood formation going actively the 
liver sinuses. 


PREGNANCY, Liver HEMORRHAGE, AND NoRMAL 


Dog B-15.—Large white bull dog, weight Breasts quite prominent, 
and dog undoubtedly close term. 

January Chloroform anesthesia for two hours; given. 
tremors well marked during anesthesia, and recovery rapid after anesthesia. 

January Dog seemed pretty 

January 10, A.M. Operation under ether anesthesia with complete removal 
uterus the usual way. There was very free bleeding during the entire 
operation with continuous oozing from every cut tissue. the close the 
operation, the abdomen contained about c.c. fluid blood which nothing 
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but the most delicate filmy clots could found mopping out with gauze. 
was evident that the animal would bleed death because the clots were not 
sufficient close the severed vessels, and the animal was bled death the 
end the operation. Blood (200 collected large cylinder was 
allowed clot, but the clots were delicate that the blood could readily 
poured into another receptacle. few filmy, flabby clots formed the sides 
the cylinder, and after settling amounted c.c. volume. They could 
easily broken passing glass rod through the coagulum. The fibrinogen, 
determined heat coagulation, was scarcely more than trace. The other 
elements blood coagulation were normal. 

Autopsy performed once.. The heart contained fluid blood. Lungs normal 
except for few tiny purplish areas not over mm. diameter. Spleen, pan- 
creas, stomach, and intestines perfectly normal. 

liver was large, friable, and fatty, and presented the typical 
picture chloroform necrosis. The lobules showed conspicuous red centers 
and swollen, opaque, yellow margins. The kidneys presented the normal archi- 
tecture, but the cortex was rather more opaque than normally, and little 
swollen. 

Uterus.—The uterus, after operative removal, put once into formalin, and 
this time violent movements were noted, indicating viability the majority 
the fetuses. After four hours’ fixation, two the fetuses were cut out 
the uterus and fixed more carefully for histological study, part the tissues 
being placed Zenker’s fluid, and part fresh formalin, The fetuses were 
obviously well developed and very near term. After twenty-four hours, the 
uterus was dissected, and eight well developed fetuses were found. Particular 
care was taken preserve the without disturbing their attachment 
the uterine wall. Some them showed small hemorrhages with extravasation 
the edges the placental sites, but there was complete separation any 
placenta from the uterine wall. 

Microscopical sections (maternal tissues) show the usual type central 
hyaline necrosis involving about one half each liver lobule. The remaining 
liver tissue shows advanced grade fatty degeneration, only few normal 
liver cells remaining about the portal spaces. Wandering cells are numerous, 
especially polymorphonuclear leucocytes. Fat stains show great numbers fat 
droplets the marginal and central zones every lobule. Other tissues 
normal. The fetal tissues present evidence cell necrosis. Liver sections 
show pretty mature parenchyma with, however, quite good many blood- 
forming elements present. The liver cells show pale protoplasm, but fat stains 
show only small, uniformly distributed fat droplets present normal controls. 
The placental sections show rather extensive hemorrhages into the marginal 
zone between the maternal and the fetal tissues. places, laminated thrombus 
masses had been formed such areas. There are extensive areas hyaline 
necrosis the boundary zone, perhaps accounting for part the placental 
separation. part the fetal placenta shows beginning infarct formation with 
numbers polymorphonuclear leucocytes particularly the margins such 
areas. 
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This dog (B-15) was possibly more susceptible than normally 
chloroform poisoning. Anesthesia two hours’ duration caused 
extreme and probably fatal liver injury with almost complete disap- 
pearance the blood fibrinogen and uncontrollable hemorrhage 
operation. Such dogs often die from spontaneous gastric, intestinal, 
peritoneal hemorrhage. The fetal tissues nevertheless were quite 
normal. The placental tissues showed some necrosis and hemor- 
rhage with beginning placental separation. 


PREGNANCY, CHLOROFORM, UTERINE RESECTION, AND 


Dog 89.—Old black and tan, weight Ibs. 

February Chloroform anesthesia for two hours, beginning 11:20 M.; 
oz. given. 

February 18. Dog quiet but seemed normal. 

February 19. A.M. Operation (ether anesthesia) with total resection 
uterus. Liver seen operation was large and tense with conspicuous markings. 
The lobules had bright red center and conspicuous yellow margin, the char- 
acteristic picture chloroform poisoning this stage. There was good deal 
bleeding everywhere from the severed vessels, with oozing from the edges 
the wound. Clots were inconspicuous and flabby. 

February Animal made uneventful recovery. 

The uterus was placed formalin, the ends being secured clamps 
prevent escape the fetuses. The specimen was dissected after twenty-four 
hours, and was found that the right horn three partly macerated 
fetuses associated with soft which there had been certain amount 
hemorrhage, but only slight hemorrhage beyond the sites the 
The ieft horn showed one partially macerated fetus with considerable hemor- 
rhage into the placenta. There are two normal, well preserved fetuses with 
normal this horn, 

tissue was removed from the maternal liver the time operation, but 
the gross appearance made certain that the usual hyaline central necrosis was 
present. This supported too the evidence lowered fibrinogen the 
blood. microscopical section, the uterus shows the usual picture, described 
previously. The areas hyaline necrosis the boundary zone between the 
fetal and maternal tissues are quite conspicuous, apparently more than 
normally, and there are hemorrhages into this same tissue. There are some 
areas hyaline necrosis the placental portion involving numbers villi here 
and there, associated with good many polymorphonuclear leucocytes. Sections 
through some the placental sites show nothing unusual. Polymorphonuclear 
leucocytes are quite numerous the large villi the uterine mucosa. Liver 
tissue removed from different fetuses normal. Liver sections show rather 
immature parenchyma with great numbers blood-forming cells. The liver 
cells everywhere are normal and show indication necrosis. Fat stains 
show few scattered fat droplets small size. Sections lungs and kidneys 
normal. 
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PREGNANCY, CHLOROFORM, AND NEcROSIS. CHLOROFORM DEMONSTRATED 
AND PLACENTA. 


Dog 106.—Small black and tan dog, weight Ibs. 

May 12. Chloroform anesthesia for two hours; oz. given. Operation done 
through the right rectus with amputation the left uterine horn. This portion 
the uterus contained three pups. The largest one (weight 170 grams) was 
used test for the presence chloroform. Chloroform was demonstrated 
present (Ragsky process). 

The two smaller fetuses were examined for chloroform and shown con- 
tain definite amount this drug (0.005 per cent.) 194 grams fetal tissue. 
Placental tissue from these same fetuses was examined and found contain 
0.020 per cent, chloroform grams tissue. These determinations were 
done after the Ragsky The method consists distillation 
macerated tissue and decomposition the distillate heated glass tube with 
collection the hydrochloric acid standard solution silver nitrate. The 
circulating blood animal under chloroform anesthesia contains 0.03 per 
cent. 0.05 per cent. will seen that the placental tissue 
which very rich blood contains about half the normal amount present 
the circulating blood, and the fetal tissues about eighth the amount 
normally present the maternal blood. This would indicate that the fetal 
blood contained relatively the same amount chloroform the maternal blood. 
The absence liver necrosis the fetal liver then must explained not 
absence chloroform the blood but some insusceptibility the liver 
parenchyma this poison which acts specifically upon the adult liver. will 
seen later that the liver pups shortly after birth likewise insusceptible 
the toxic action chloroform the blood present sufficient amount 
bring about anesthesia. 

May 13. Some vomiting. One pup (No. 106-A), born during night and 
given dog 107 nurse. 

May 14. Dog found dead cage. 

Autopsy showed peritonitis and hemorrhages the peritoneal cavity. 
Thorax negative. Heart contained small flabby clots. Lungs presented few 
small, purplish patches. Spleen, pancreas, stomach, and intestines negative. 
The liver showed the characteristic picture chloroform poisoning with central 
necrosis. The uterus showed clean operation wound. One fetus was jammed 
transversely the pelvis. The other two fetuses appeared relatively normal. 
They were preserved formalin. 

Microscopical sections show extreme grade central hyaline liver necrosis 
the maternal organ. This central necrosis involves about four fifths every 
liver lobule, and only one two rows relatively normal liver cells remain 
about the portal structures. Fat droplets are conspicuous these intact liver 
cells. probable that this liver necrosis was largely responsible for the 
death the mother, although the incomplete delivery with transverse presenta- 
tion may have been factor. The kidneys show good many small fat droplets 


and Haines, Text-Book Legal Medicine and Toxicology, Phila- 
delphia, 1904, ii. 
and Gottlieb, Die experimentelle Pharmakologie, Berlin, 1911. 
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the tubular epithelium, particularly the collecting tubules, and rarely the con- 
voluted tubules. evidence cell necrosis. 

Placental tissues show the usual picture. There are areas infarction 
the fetal portion the placenta with complete necrosis many the villi, 
but some the villi are quite normal. There the usual zone necrotic tissue 
between the maternal and fetal parts the placenta, with more less hemor- 
rhage this zone. There are hemorrhages into the fetal portion the 
placenta. 


Sections fetal tissue show normal parenchyma the lungs, kidneys, 
pancreas, and duodenum. Liver sections show absolutely liver necrosis. Fat 
stains show good many fat droplets the liver parenchyma, perhaps slightly 
more numerous than normally, but scattered diffusely throughout the parenchyma, 


perhaps more conspicuous about the portal spaces than the centers the 
lobules. 


Pregnant dogs are susceptible chloroform administered shortly 
before delivery during labor, and show the same degree liver 
injury normal dogs, even somewhat greater one. 

Chloroform anesthesia may cause more less hyaline necrosis 
the border zone between the maternal and fetal parts the pla- 
centa that may lead hemorrhage, placental separation, and pre- 
mature delivery. 

Chloroform anesthesia causes injury the liver the fetus 
nor any other fetal organ, spite the fact that can 
demonstrated present these tissues. 

These experiments raise objections the use chloroform 
pregnant women where anesthetic must continued for half 
hour longer. Chloroform anesthesia may admissible for the 
few minutes the end the delivery, but when operative measures 
are necessary, before after delivery, dangerous anesthetic 
and surely capable producing injury the liver the manner 
recognized the case normal persons. 

Objections may raised the application conclusions derived 
from experiments dogs human cases; but the similarity the 
effects chloroform man and dog surely affords sound basis 
comparison. 

Two fundamental facts would seem now established: (1) 
Normal human adults may fatally poisoned (late chloroform 
poisoning) chloroform anesthesia one half one hour’s 
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duration. (2) Normal and pregnant dogs are equally susceptible 
late chloroform poisoning, and may fatally poisoned 
anesthesia two hours’ duration. 

Hence one may conclude that probably normal and pregnant 
human beings are equally susceptible chloroform poisoning, that 
chloroform anesthesia during any part the pregnant period 


capable causing liver necrosis, and, consequently, that chloroform 


dangerous anesthetic. 
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INSUSCEPTIBILITY PUPS CHLOROFORM 
POISONING DURING THE FIRST THREE 
WEEKS LIFE.* 


the Hunterian Laboratory Experimental Pathology, Johns Hopkins 
Medical School, Baltimore, Md.) 


When pregnant dogs are severely fatally poisoned with chloro- 
form and show the consequent liver injury and necrosis, has been 
found that the fetuses these animals escaped liver injury alto- 
first supposed that the explanation the phe- 
nomenon was sought the placenta, but soon found that 
pups are practically not subject chloroform liver necrosis during 
the first week life. slight amount hyaline liver necrosis and 
fatty degeneration may caused chloroform anesthesia during 
the second and third weeks life, and the pups usually show the 
characteristic type liver necrosis after chloroform during the 
fourth week life and later. 

The experiments given below establish these facts beyond doubt, 
that the question arises how this may explained. 
may assume that the liver performs all its normal metabolic func- 
tions just soon the umbilical cord severed, and far resem- 
bles the adult liver. The diet during the period the experiment 
was normal, the pups nursed and were cared for healthy 
mothers. Young animals contain relatively more glycogen than 
normal adults, but starvation forced feeding rich food 
adults causes change susceptibility chloroform poisoning. 

There one striking difference between the liver the pup 
birth and the liver the adult dog, namely, the presence nests 


blood-forming cells the hepatic venules all parts the 


liver lobule the former. These islands” nests cells 


Received for publication, January 1912. 
*Whipple, H., Jour. Exper. Med., 1912, xv, 246. 
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similar those the bone-marrow and spleen this age, become 
progressively less numerous the pup’s liver and usually vanish 
completely during the fourth week life, which time the liver 
appears all respects like the adult liver. There great tempta- 
tion explain the resistance chloroform liver necrosis pups 
the presence these blood-forming cell nests. But why should 
these nests foreign cells have any ability protect the liver cells? 
There possibility their performing any the metabolic 
processes peculiar the liver cells. attempting explanation, 
may fall back the presence foreign ferments which are 
known present blood cells various types (Opie),? but 
difficult understand the action any ferments that could exert 
influence the liver cells and protect them from this specific 
toxic action chloroform. Still another possibility that the cells 
may some way neutralize the chloroform that passes through the 
liver lobules and thus protect the liver cells. 

interest this time note that dogs poisoned chlo- 
roform and showing liver necrosis, are less susceptible second 
application chloroform anesthesia given the second the 
fourth day after the first. this time the liver lobules are full 
wandering cells all types called out the presence the dead 
liver cells. This suggests again that the presence these white 
blood cells may some way protect the liver cells. adults during 
this process repair, the liver not completely protected against 
injury chloroform, but the second necrosis, rule, much 
less evident. cannot argued that the newly formed liver cells 
are necessarily more resistant, because after the repair effected 
and the leucocytes have disappeared, the liver may injured 
usual chloroform anesthesia. 

These experiments are interest connection with recent work 
who showed that injection leucocytes into the pleural 
cavity the dog checked more less effectually the development 
atuberculous process. did not attempt explain the mechan- 
ism this process. This inhibiting effect was most marked when 
the injected leucocytes came into most intimate association with the 
tuberculous lesions. 


Opie, L., Jour. Exper. Med., 1908, 
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our experiments, the liver cell columns are surrounded the 
nests blood-forming cells. This the condition the new-born 
pup; and with advancing age the cell nests become progressively less 
numerous, disappearing completely the end the fourth week. 
assume that the immunity the liver cells chloroform 
poisoning due the presence these cells, have clear 
example protection against known poison effected peculiar 
way. assume that leucocytes great numbers may inhibit the 
injurious effect the tubercle bacilli upon various tissues, not 
possible that least part this effect may due some pro- 
tective action against the peculiar poison the tubercle bacillus? 

possible remove most these blood-forming cells from 
the liver the pup the first week life causing infection. 
For example, bronchopneumonia will clear the liver almost com- 
pletely all the blood elements except the large bone-marrow giant 
cells, but the pups succumb readily slight infection, there 
has been opportunity subject such liver the effects 
chloroform anesthesia. hope remove most these blood- 
forming nests from the liver injections turpentine other 
irritants and then study the effect chloroform upon it. 

difficult explain the absence liver necrosis young 
pups after the administration chloroform, just difficult 
explain the presence central hyaline necrosis adults under the 
same conditions. have good explanation for this specific 
toxic action chloroform upon the liver, although various hypothe- 
ses have been advanced account for (Wells* and others). Nor 
can explain the specific toxic action phosphorus upon the liver 
and pulmonary tissues, and must content ourselves for the 
moment stating that these poisons have specific affinities for 
different tissues and organs. 

These experiments and Opie’s published observations, correct 
interpretation the results has been given, invest the white blood 
cells with new and interesting powers, not the least which the 
neutralization poisons some mechanism present obscure. 
hope report further upon some these points the near 
future. 


*Wells, G., Jour. Am. Med. Assn., 1906, 341. 
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EXPERIMENTAL PART. 


PUP NOT POISONED CHLOROFORM WHILE UTERO NOR DURING THE FIRST WEEK 
LIFE. 


Pup May 13; nursed healthy dog. noted that this 
pup’s mother (dog had been subjected chloroform anesthesia for two 
hours, and consequently the fetal tissues were subjected the action the drug 
for the same period (May 12). 

May 19. Pup excellent condition and nursed well. Chloroform anesthesia 
for hours; oz. given. Anesthetic well taken. 

May 20. Pup perfectly well and nursed usual. 

May 21. Chloroform anesthesia for hours; oz. given. Anesthetic well 
taken. 

May 22. Pup appeared perfectly well and nursed vigorously. 

May 23. Pup has gained weight and looks well. Chloroform anesthesia for 
hours; oz. given. 

May 24. Pup normal. 

May 25. Pup strong and active. Operation, under ether anesthesia, with the 
usual technique for removal wedge-shaped piece liver for histological 
examination. 

Microscopical section shows normal liver tissue. necrosis. Some 
crease polymorphonuclear leucocytes about the portal structures. opera- 
tive difficulty and the blood clotted the usual way. Nothing suggest 
amount fibrinogen, which usually present with chloroform 
poisoning. 

May 26-28. Pup made rapid recovery and the wound healed normally. 

June 14. Pup had grown rapidly and was excellent condition. Chloro- 
form anesthesia for hours; given. Recovery from the anesthetic was 
rather slow. 

June 15. Pup did not nurse well; vomited about curds and mucus, 
and appeared rather drowsy. 

June 16. Pup did not nurse and appeared ill and rather drowsy. Ether 
anesthesia and bleeding from the carotid. Blood collected oxalate. Blood 
clotted normally, but the clots were rather soft. Serum was canary yellow 
color, indicating good deal jaundice. 

Autopsy performed once. Serous cavities normal. Wounds the 
abdomen and liver had healed perfectly. Heart and lungs normal. The thymus 
showed few tiny ecchymoses; otherwise normal. The spleen showed con- 
spicuous Malpighian bodies and rather soft red pulp. The stomach contained 
some dark fluid and mucus with few curds. Intestines negative except for 
round worms. Adrenals, kidneys, and pancreas normal. Liver large and friable. 
Lobulation very conspicuous, each lobule having deep red center and yellow 
margin. 

Microscopical section shows the usual type central hyaline liver necrosis 
involving about three fifths four fifths every liver lobule. The remaining 
liver cells about the portal spaces show extreme fatty degeneration, every liver 
cell containing several fat droplets. The picture extreme liver necrosis and 
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degeneration following chloroform anesthesia. Sections from thymus, kidney, 
pancreas, duodenum, and lung normal. The spleen shows considerable blood- 
forming elements its sinuses, and the large bone-marrow giant cells are 
numerous. 


CHLOROFORM ANESTHESIA GIVEN PUPS THE SAME LITTER 
VARIOUS AGES. 


This series experiments upon healthy pups the same litter 
important. Two pups, one the fifth day, the other the 
eighth day after birth, were given chloroform anesthesia for two 
hours. autopsy, two days later, the findings each case were 
normal. Two other pups, one the twelfth, the other the six- 
teenth day after birth, were given chloroform anesthesia exactly 
the same way. autopsy, two days later, the first pup showed 
only occasional hyaline necrotic liver cell, while the second 
showed more marked liver necrosis estimated involving about 
one seventh each lobule. 


fifth pup, twenty days old, was killed accidentally the end 
anesthesia and served control. The sixth pup (twenty-four 
days old) was given chloroform anesthesia for two hours, and 
autopsy after two days showed the familiar type central hyaline 
necrosis involving two fifths one half each lobule. These pups 
with advancing age showed progressively fewer numbers blood- 
forming islands the liver sections. 


Dog active, brindle bull dog, weight Ibs. 

January Gave birth six healthy, active pups. 

January 3-5. Mother and pups the best health. 

January 12. One the litter had its eyes partly open, and all were doing 
well. 

January 15. All three pups had their eyes partly open and were strong 
and fat. 

Pup Pup five days old and quite healthy. Chloroform 
anesthesia for two hours; oz. given. Anesthetic well taken, and recovery fairly 
rapid. 

January Pup quite well. 

January 7,3 Pup nursing vigorously and apparently the same condi- 
tion the rest the litter. Ether anesthesia and bleeding from carotid. 
Blood clotted rapidly test tube, and the clot was tough and normal every 
respect. 

Autopsy once. Heart, lungs, spleen, pancreas, stomach, and intestines 
normal. The stomach and intestines contained large amounts curds and 
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milky fluid and the lacteals were all engorged. Liver pale reddish brown 
color, with normal lobulation; apparently normal every way. 

Liver sections show necrosis any the parenchyma. Polymorpho- 
nuclear leucocytes present considerable numbers the portal tissues. Blood- 
forming islands the liver capillaries also present considerable numbers. Fat 
stains show fat droplets all parts the liver lobules. Some the droplets 
are considerable size, perhaps large the cell nucleus, but the majority 
are very fine. The distribution quite uniform. Sections from the kidney, 
pancreas, and duodenum are normal. The spleen shows active blood formation 
its sinuses. 

Pup Healthy pup eight days old. Chloroform anesthesia 
for two hours; about oz. given. Anesthetic well taken; muscular tremors 
noted. 

January Pup perfectly well, and nursed vigorously, 

January 10. Pup nursing vigorously. Ether anesthesia and bleeding 
from carotid. Blood collected test tube clotted the usual way, forming 
tough clot which retracted squeezing out milky serum. 

Autopsy once. Heart, lungs, thymus, spleen, and pancreas normal. 
Stomach and intestines full curds and milky fluid with conspicuous lacteals. 
Liver pale brownish red color, with tiny red specks here and there, the 
case normal livers this stage development. The microscopical findings 
the liver and all other organs are exactly similar those described above 
(Pup B-22-a). The blood-forming islands the liver were about numerous 
the preceding case. 

Pup B-22-c—January 12. Pup twelve days old, quite healthy and eyes not 
yet open. Chloroform anesthesia for two hours; oz. given. Pup recovered 
slowly, was cold, and suffering from shock. Thirty minutes after anesthesia, pup 
still somewhat intoxicated, and had not completely 

January 13. Pup seemed quite well. 

January 14. Pup nursing vigorously; eyes about half open. Ether anesthesia 
and bleeding from carotid. Blood clotted the normal way, giving tough 
clot and milky serum. 

Autopsy once. Heart, lungs, thymus, spleen, pancreas, and kidneys normal. 
Subcutaneous fat very abundant. Stomach full milk, and lacteals greatly 
engorged. Liver pale reddish brown color; quite normal every way. 

Sections show characteristic liver necrosis, but here and there the 
center lobule seen occasional hyaline liver cell associated with few 
wandering cells. Such necrotic cells are usually the immediate vicinity the 
central venule. The fat stains show less conspicuous fat deposits than the 
preceding cases, but few larger fat droplets are found the center the 
lobule, which are absent the peripheral portion. The nests blood-forming 
cells are less conspicuous than the previous cases, but are still seen 
every lobule. 

Pup 16. Normal pup sixteen days old. Chloroform 
anesthesia for two hours; oz. given. Anesthetic well taken, and recovery fairly 
rapid. 

January Pup quite well; very active and nursing; eyes well opened. 

January 18. Active and nursing. Ether anesthesia and bleeding from carotid. 
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Autopsy once. Heart, thymus, spleen, pancreas, and kidneys normal. The 
lungs showed few tiny pink specks the posterior portions. The stomach 
and duodenum were full curds. few round worms the duodenum. Liver 
fairly normal gross; possibly somewhat increased size. Liver sections 
show slight amount central hyaline necrosis every lobule, involving 
perhaps one seventh the parenchyma. Fat stains show conspicuous droplets 
the central third each lobule associated with the areas necrosis. Islands 
blood-forming cells present the liver sections, but not conspicuous, in- 
dicating liver approaching maturity. Mitotic figures the liver cells were 
seen close the areas necrosis, indicating beginning regeneration. 

Pup 20. Pup twenty days old; well and strong. Chloro- 
form anesthesia for two hours; overdose and death the end the two hours. 

Autopsy once. Heart contracted. The lungs showed few ecchymoses 
the posterior portion. All organs normal gross, except for considerable 
congestion. 

Liver sections show very few islands blood-forming cells. indication 
necrosis, but fat stains show the presence good many fat droplets 
liver cells all parts the lobules (control sections). 

Pup B-22-f—January 24. Pup twenty-four days old; fat and perfect 
condition; could walk actively. Chloroform anesthesia for two hours; oz. 
given. Anesthetic well taken and recovery rapid. P.M., pup nursing and 
apparently perfectly well. 

January 25. Pup very quiet and does not seem normal. 

January 26. Pup quite active. vomiting, but some loss weight. 
obvious intoxication. Ether anesthesia and bleeding from carotid. 
Thorax, heart, lungs, thymus, spleen, and pancreas normal. Stomach full 
curds and contained few ascaris worms. hemorrhages. The kidneys 
showed pale cortex; otherwise negative. Liver large and friable. Lobula- 
tion very conspicuous, the lobules having red central dots and opaque yellow 
edges, the invariable finding chloroform poisoning. Obvious central necrosis 
gross. Blood clotted perhaps little more slowly than normally, but the 
clot was firm and abundant. 

Liver sections show familiar type hyaline central necrosis involving 
about two fifths one half each lobule. Wandering cells numerous. Fat 
stains show conspicuous fat deposit the middle zone between the necrotic and 
more normal liver cells. Mitotic figures numerous the liver cells, indicating 
beginning regeneration. 


PUPS RESISTANT CHLOROFORM POISONING DURING THE FIRST THREE WEEKS LIFE, 


Dog C-13.—Small black and tan mongrel terrier. 

October 28. Normal birth eight pups. 

October 31. Three pups found dead and cold. 

Pups C-2, similar all. Heart, spleen, kidneys, pan- 
creas, and adrenals normal. Liver normal gross, and very dark purple 
color. The lungs showed small purplish patches scattered throughout all lobes. 

Numerous sections from the different pups show practically the same 
picture all. The liver sections show normal parenchyma. Nests blood- 
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forming cells rather inconspicuous, but bone-marrow giant cells fairly numerous. 
Fat stains show small fat droplets all parts the lobules, diffusely scattered 
the protoplasm. Larger fat droplets more numerous close the portal spaces. 
Kidney sections negative. Lung sections show beginning inflammation the 
alveolar walls, with large numbers polymorphonuclear leucocytes and con- 
gestion, but relatively little exudate the alveoli bronchi,—the picture 
interstitial pneumonia. 

Pup C-4—November Pup found dead and cold. 

Autopsy showed little abnormality. Organs general the three previous 
pups. Liver normal size, but paler and little more opaque than normally, 
suggesting possible fatty degeneration. 

Microscopical sections are similar the other pups this litter. The liver 
shows about the same amount fat deposit the others. Fat droplets small, 

Pup and fairly healthy. 

November Pup seven days old and good condition. Chloroform 
anesthesia for hours; oz. given. Anesthesia deep, and animal stopped 
breathing the end the anesthesia (artificial respiration). Recovery after 
anesthesia slow, and the pup was cold and appeared much shocked. 

November 5-6. All pups nursing and apparently perfectly well. 

November Pup examined carefully and found absolutely normal; 
quite fat and active; nursing vigorously; same control pups every respect. 
Eyes not yet open. Ether anesthesia, and bleeding from jugular. Blood clotted 
ten minutes with the formation very tough, elastic clots. 

Autopsy performed once. All viscera perfectly normal. Serous surfaces 
smooth. Stomach and intestines full milky fluid and curds. Liver pale, red- 
dish brown, and translucent. gross evidence injury. 

Liver sections show more conspicuous blood-forming elements than the 
controls, probably explained the absence pneumonia. evidence liver 
necrosis. Fat droplets present all parts the liver lobule, the controls, 
possibly less conspicuous than the control sections noted the preceding 
cases. Kidneys, duodenum, and pancreas normal. 

Pup C-6.—Healthy and strong. 

November Pup thirteen days old and excellent health. Chloroform 
anesthesia for hours; oz. given. Anesthesia well taken and recovery after 
anesthesia rapid. 


November 10-11. Pup strong and apparently perfectly well. Nursed vigor- 
ously. 

November 12. Eyes partly opened. Ether anesthesia and bleeding from 
jugular. Blood clotted normally with tough clot formation and milky serum. 

Autopsy once. All the viscera appeared normal. Stomach and intestines 
full milk, and lymphatics engorged with milky fluid. Liver pale brown and 
translucent. The centers the lobules showed tiny yellow specks, indicating 
some degeneration. 

Liver sections show relatively few blood-forming elements, with occa- 
sional bone-marrow giant cell. the centers the lobules are found occasional 
hyaline liver cells, and fat stains show considerable fatty degeneration the 
central fourth the lobule. Small fat droplets present all parts the 
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lobule, but more striking the central portions. Kidney, pancreas, and duo- 
denum normal. 

Pup C-7—November 15. Pup eighteen days old; strong and active; gained 
weight steadily and nursed vigorously. Eyes fully opened. Chloroform 
anesthesia for hours; oz. given. Pup seemed badly poisoned nearly 
died the end the anesthesia, being restored with difficulty after vigorous 
cardiac massage and artificial respiration. 

November 16-17. Pup nursing and appeared normal. 

November 18. Apparently quite well, but not very active. Ether anesthesia 
and bleeding from jugular. Blood clotted the normal time with the forma- 
tion fairly firm, elastic clots. 

Autopsy once. Serous cavities, heart, spleen, kidneys, and pancreas normal. 
The lungs showed few ecchymotic patches. The stomach and duodenum con- 
tained milky fluid. The liver showed conspicuous lobulation with rather sunken 
centers, but opaque specks the centers the lobules. 

microscopical section, the liver shows more blood-forming elements and 
bone-marrow giant cells than the preceding case (pup C-6). Careful search 
was required find few hyaline liver cells the very centers the liver 
lobules associated with few wandering cells. Fat stains show striking deposits 
rather large fat droplets the central half each lobule, and small fat 
droplets the peripheral portion. Liver injury this animal was more 
marked than the preceding case. Lungs, pancreas, and kidneys normal. The 
spleen shows striking evidence blood formation the spleen pulp with great 
numbers bone-marrow giant cells and nucleated red cells. 


This series confirms the observations the preceding one (B-22). 
The first four pups died during the first week from bronchopneu- 
monia, and serve controls. The fifth pup, when seven days old, 
was given chloroform for one and three quarters hours. au- 
topsy, three days later, the viscera were found normal. The 
last two pups, thirteen and eighteen days old, were given chloro- 
form anesthesia for the same length time and killed after the 
same interval. The autopsy showed normal organs each case, 
except for very slight amount central hyaline liver necrosis. 

Dog 105.—Small fox terrier. 

May Gave birth five pups. 

May Dog well and pups nursing normally. 

Pup active male. Chloroform anesthesia for hour; oz. 
given. Anesthetic well taken and recovery rapid after the anesthesia. 


May Pup nursed well and appeared exactly the other pups. 

May Pup strong and healthy every way. Ether anesthesia and bleed- 
ing from the carotid. 

Autopsy, thorax, peritoneal cavity, heart, lungs, stomach, duodenum, 
and kidneys normal gross. The liver was examined with the greatest care 
and appeared normal gross. 
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Liver sections show necrosis. Nests blood-forming cells numerous 
all parts each lobule. There were few leucocytes the portal spaces. Fat 
stains showed some large fat droplets the central portion each lobule. One 
section the lung shows small area which the alveoli contain few poly- 
morphonuclear leucocytes and red cells. The spleen shows active blood forma- 
tion going the pulp. 

Pup 105-b.—May 10. Small male, seven days old. Chloroform anesthesia 
for hour; oz. given. Anesthetic poorly taken and the pup stopped breathing 
several times. Recovery after anesthesia rather slow. 

May 11. Pup not nursing the morning. Found dead. 

Autopsy once. Heart pale and contracted. The lungs showed small 
purple patches, probably bronchopneumonia. Spleen, pancreas, stomach, and 
duodenum normal. 

the liver, necrosis could made out gross. The organ seemed 
little larger than normally. Kidneys swollen and pale. 

Liver sections correspond exactly the preceding case (105-a). The lungs 
show great congestion the alveolar walls, with exudate polymorpho- 
nuclear cells (interstitial type pneumonia). 

Pup 12. Pup evidently quite sick with distemper. Ether 
anesthesia. 

Autopsy once. Heart, spleen, pancreas, and stomach normal. The lungs 
showed small purple patches bronchopneumonia. Liver and kidneys rather 
pale. 

Liver sections show few areas focal necrosis involving only few liver 
cells, having, however, regular distribution. Polymorphonuclear leucocy‘es 
numerous the portal tissues. Nests blood-forming cells inconspicuous, but 
polymorphonuclear leucocytes quite numerous the venules. Fat stains show 
extensive deposit all parts the liver lobules, both large and small fat 
droplets. The lungs show the picture interstitial pneumonia. 

Pup 13. Found dead. The general picture resembles that de- 
scribed pup 105-c. 

section, the liver shows focal necrosis and less fatty degeneration. 
Nests blood-forming cells numerous and the usual type. Lung sections 
practically identical with the preceding cases. Other tissues negative. 

Pup 108-a.—Strong and active male, weight seven weeks old. 

June 22. Chloroform anesthesia for two hours; oz. given. Anesthetic 
taken. 

June 23. Pup did not seem badly poisoned, but was not active another 
pup the same litter. 

June 24. Definite loss weight. Bleeding free from small 
Bleeding time about five minutes. Operation the usual way through the right 
rectus, under ether anesthesia. small wedge-shaped piece liver was re- 
moved. There was considerable bleeding the time operation, but blood 
clots were not very soft and were sufficient check the bleeding after some 
minutes. 

Microscopical sections show the usual hyaline liver necrosis involving about 
one half each lobule. The middle zone shows marked deposit fat. 
Wandering cells numerous. Mitotic figures present the liver cells. 
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June 25. Pup rather sick and drank water only. 
June 28. gain weight. Appetite poor. 


June 30. Appetite improving. Ether anesthesia and bleeding from the 
carotid. 


Autopsy once. The liver incision had healed perfectly with few ad- 
hesions. Thorax, heart, lungs normal. Thymus small, pale, and flabby. Spleen, 
pancreas, and stomach normal. The intestines contained numbers round 
worms. Kidneys and adrenals normal. Liver very pale, but lobulation not 
very conspicuous. Tissue very translucent. gross evidence necrosis. 

Liver sections show almost complete repair with only few wandering cells 
the centers the lobules and occasional hyaline mass surrounded 
phagocytes, the remains necrotic tissue. Fat stains show numerous droplets 
all parts the lobule, and the fat deposit decidedly conspicuous every 
liver cell. Thymus atrophic. Kidneys, heart, and pancreas normal. The 
spleen shows very little evidence blood formation, with only occasional bone- 
marrow giant cells. 

Several other pups, one three months age, were given anesthesia with 
the production the usual central liver necrosis. These young animals were 
often badly poisoned single chloroform anesthesia and, rule, seemed 
less resistant than the average adult. 


SUM MARY. 


Employing the liver necrosis index, find that pups are 
immune the poisonous action chloroform anesthesia. This 
immunity resistance late chloroform poisoning complete 
the first week, very striking during the second and third weeks, and 
usually disappears during the fourth week life. 

Nests blood-forming cells (blood islands) are numerous the 
sinuses the liver during the first week and normally become pro- 
gressively less numerous each week until the liver almost free 
from these cells the end the fourth week life. 

considered possible that these leucocytes the blood islands 
protect the liver against the specific action known poison 
(chloroform). The mechanism this hypothetical protective 
action not understood, but may consist process neutrali- 
zation. Perhaps this protective action against poisons im- 
portant part the functions white blood cells and may bear 
important relationship the process inflammation. 


THE .HISTOLOGICAL SIGNS RESISTANCE 
TRANSMISSIBLE SARCOMA THE FOWL.* 


PEYTON ROUS, M.D., JAMES MURPHY, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New 


36-38. 


The nature the processes that enable some individuals 
prevent overcome the growth tumor yet not under- 
stood. The associated histological phenomena are striking, but 
they admit various interpretations. brief, they are fol- 
lows: Retrogression established the absence 
extraneous factors, such hemorrhage and infection, occurs 
through process gradual degeneration and disappearance 
its elements. Many lymphocytes collect the edges the mass, 
and also macrophages. more less dense connective tissue 
forms about it, and strands the same tissue penetrate and 
eventually replace it. Tumor cells like sort, grafted subse- 
quently into the survive for some days and may proliferate 
slightly. But the graft, rule, fails become vascularized, 
and soon Tumor tissue implanted animal 
naturally whether reason species, variety, 
individuality, survives for some days and may proliferate rapidly 
newly formed, vascular stroma; but very shortly dies and 
absorbed from the midst granulation tissue. susceptible 
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animals, the other hand, continues grow; and unless the 
host possesses some degree resistance, there about the new 
tumor marked cellular reaction, apart from the increase 
blood-vessels and connective tissue incidental its support. 
the tumor grows slowly, dense connective tissue containing many 
lymphocytes may form about it, especially points spontaneous 

These are the phenomena mammals. Most authorities hold 
that they are incidental the actual processes resistance; but 
Bashford and Russell allot them more immediate significance. 
tumor consists primarily inhibition the specific chemiotac- 
tic powers which cancer cells exercise upon the connective and 
vascular tissues the host,” and the resistant individual exhibits 
resistance failure supply the tumor graft that vasculariz- 
ing and supporting connective tissue framework which supposed 
specifically elicited the introduced cells, peculiar 
each strain tumor, and absolutely necessary its development. 

The present paper deals with the histological features resist- 
ance transmissible spindle-celled sarcoma the Avian 
tumors have not heretofore been studied this regard. The find- 
ings with respect the sarcoma have special interest owing the 
presence its tissue filterable agent which suffices produce 
the tumor new hosts. The appearance and behavior the growth 
are those typical its cells themselves are transplant- 
able, and best transferred new hosts means grafts 
the living tumor tissue. 


METHOD. 


have employed chiefly method much used for similar histo- 
logical studies mammals. number bits the fresh tumor 
are inserted beneath the skin each several hosts, and with the 
tissue about them are removed successive days. The histo- 
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logical changes can thus traced from the beginning. The hosts 
used were: (i) susceptible; barred Plymouth Rock fowls which, 
the result previous inoculation, the sarcoma was already 
growing, which developed from the engrafted tissue used 
for the (ii) naturally resistant; barred Plymouth 
Rock fowls which the sarcoma had failed develop pre- 
vious implantation; (b) chickens unfavorable (c) ducks 
and pigeons; (iii) artificially resistant barred Plymouth Rock fowls 
which tumor had retrogressed. 

eight ten bits, one two millimeters diameter, 
the same fresh tumor tissue were separately implanted each 
four five fowls the various kinds. The location the grafts 
was marked the skin with carbol-fuchsin. means trocar, 
they were placed the subcutaneous tissue the feather-free strip 
between wing and thigh (lateral apterium), except when otherwise 
stated. Here they were visible and easily reached for removal. 
One two were always left situ indicate the host’s final state 
regards resistance. Wound infection was not met with. The 
grafts were cut serial section. number retrogressing tumors 
were also examined. 


THE FINDINGS SUSCEPTIBLE HOSTS. 


Grafts have been taken series from six fowls carrying tumors, 
and from seven normal fowls which susceptibility was proved 
the fate grafts left undisturbed. The fragments implanted 
the six tumor-bearing hosts consisted bits their own neo- 
plasm, obtained partial removal. Thus not only isotransplan- 
tation, but what may sense called autotransplantation, was 
practiced. 


The principal phenomena about the graft during the first forty-eight hours 
are those due the trauma its insertion. The tumor fragment, unchanged 
appearance, lies rent the host tissues, and exudation and moderate 
accumulation polymorphonuclear leukocytes occur about (figure 1). The 
host tissues are edematous the torn margin, the blood-vessels dilated, and 
toward the end the period fibroblasts and macrophages appear. During the 
next twenty-four hours (third day), the tumor often unites one more 
points with the host tissues, and although unvascularized, proliferating, and 
already may much increased size (figure 2). Its loose structure facilitates 
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nourishment direct interchange fluids; but, unless the bit broken 
very small, necrosis takes place the center. Cell division mostly 
amitosis. The polymorphonuclear leukocytes are now disappearing; but 
some hosts small round cells, histologically identical with the lymphocyte, 
begin collect small numbers, localizing points where the tumor has 
become attached the host tissue. this latter, fibroblasts, macrophages, and 
abundant newly formed capillaries are seen, with perhaps one two foreign body 
giant cells enclosing debris from the trochar. the fourth day, later, the 
graft has markedly increased size, and vascularized (figure 3). But often 
before vascularization occurs, the tumor cells are invading the host tissue 
points where they have united with it. Proliferating strands the spindle- 
shaped elements can seen extending out into the normal structures, utilizing 
for support the blood-vessels and connective tissue already present. the 
advancing margin, lymphocytes become fewer, and very susceptible hosts they 
may absent, indeed all cellular reaction. The growth may now con- 
sidered established, and for present purposes need followed further. 

general, these processes appear take place more rapidly 
the fowl furnishing the engrafted tissue. Certainly these hosts 
which already carry tumor very few lymphocytes collect about 
the graft. The proliferative activity the neoplastic cells, once 
the tumor has become established, sometimes startling. many 
per cent. them may process division one time.® 
The extension and enlargement the sarcoma from this source 
very obvious. The findings not the least suggest that its 
growth can take place any other way. 

The process transplantation becomes almost diagrammatically 
evident when the grafts have been placed the pars papillaris the 
corium (figures 3). The epidermis the fowl loose, 
transparent, and filmy, and easily stripped away, that macroscop- 
ically might well mistaken for keratinized layer elaborated 
deeper epithelial cells. Grafts placed just under means 
blunt trocar are sharply defined, and their least increase size 
once seen. Microscopically, the sarcoma cells contrast sharply 
with those the surrounding structures. The leukocytic and 
proliferative response are here minimum; and the tissues 
not lend themselves invasive growth. For these reasons have 
general preferred subcutaneous sites, and have made intradermal 
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the tumor cells and the development the new sarcoma from 
them. 

The features mentioned may further illustrated example 
accidentally come upon. Several fowls, dying intraperitoneal 
growths caused the. injection into the abdominal cavity 
suspension the sarcoma cells, showed curious tumor formations 
the surface the liver. They were discrete, glistening, dew- 
drop shape and nearly fluid, translucent, grayish, homogeneous, 
and without evident blood-vessels. They differed markedly from 
the larger, compact nodules which everywhere studded the peri- 
toneal surface the viscera. section, they proved implan- 
tation growths, consisting very loose, non-vascularized, branch- 
ing cell reticulum, attached superficially the liver surface, but 
without intimate connection with (figure 4). They closely 
resembled growths vitro plasma, and presumably had received 
their sole nourishment from the mucinous fluid filling the peritoneal 
cavity. 

Lastly, while discussing the origin the sarcoma from trans- 
planted cells, may briefly cite here the fate fragments the 
growth injected directly into the venous blood stream. favor- 
able fowls, the injection followed the appearance sarcoma- 
tous nodules the lungs; and serial sections show very clearly the 
origin these direct outgrowth from emboli tumor cells. 

have not followed systematically the fate the non-malig- 
nant stroma and the blood-vessels, introduced with grafts the 
sarcoma. The morphology the growth such render very 
difficult observations this sort; and they have not seemed essen- 
tial, view the fact that before the graft itself has become vas- 
cularized, its cells may have already begun rapid invasion the 
host tissues, utilizing for support the preéxisting structures. Certain 
very invasive human sarcomata make similar use normal 


THE FINDINGS NATURALLY RESISTANT FOWLS. 
The sarcoma most readily transmitted chickens the barred 
Plymouth Rock variety, the breed which the original neoplasm 
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was found; but not uncommonly individuals fail develop tumor 
even repeated implantation. Natural resistance more frequent 
chickens other varieties, which, indeed, until the growth had 
reached its present high malignancy, proved entirely insusceptible. 
Grafts series have been taken from four Plymouth Rock fowls 
with natural resistance that was absolute, and from two Rhode 
Island Reds. Numerous less systematic observations have been 
made resistant fowls mixed breed. The findings were similar 
all. 


During the first forty-eight hours, the phenomena about the grafts not 
differ from those susceptible fowls. The fragment lies free rent the 
host tissue, polymorphonuclear leukocytes collect about it, and exudation occurs. 
Following this period, death the graft takes place one two ways: (a) 
Often remains for many days unvascularized and almost unattached the 
host tissue. During this period undergoes gradual necrosis. The marginal 
tumor cells are the last succumb. They sometimes live for week ten days, 
and first may multiply slightly, but they not invade the points contact 
with the host tissue. Meanwhile the leukocytes disappear, fibroblasts and macro- 
phages appear, and lymphocytes collect sparse numbers, infiltrating the zone 
living tumor. the end two weeks, rule, the engrafted tissue 
wholly necrotic and its reorganization has begun. (b) More frequently, the 
tumor fragment grows, invades, and becomes vascularized with the same 
rapidity susceptible hosts. But immediately upon its attaining foothold 
the host tissues, lymphocytes appear and rapidly become very numerous, 
first about the neighboring blood-vessels, then the edge the sarcoma, 
infiltrating some degree its substance. early the fifth day, the graft 
may embedded dense mass small, round cells, and already degen- 
erating, despite its blood-vessels (figure 5). The spindle cells become hydropic, 
their nuclei stain poorly, and the course few more days all are dead. 
The lymphocytic mass may six eight times the diameter the foreign 
tissue encloses, and often largely composed small round cells 
gest true lymphoid tissue. Fibroblasts and macrophages occur, but giant-cells, 
except about foreign bodies other than the tumor tissue. The mass supplied 
numerous small vessels. Sometimes blood sinuses exist its edge. 


The two very different sets phenomena leading death the 
graft may observed one host, fact suggesting that local 
conditions largely determine their incidence. tabulation the 
fate each graft, compared with the conditions the point 
where was implanted, has shown that such are placed 
regions rich subcutaneous tissue, become established and perish 
later the midst lymphocytic nodule, whereas those inserted 
the loose, poorly vascularized web, separating skin and muscle, fail 
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establish themselves and gradually die. similar way un- 
favorable sites, hosts actually susceptible, the sarcoma some- 


times fails establish itself. The fate grafts which have ob- 
tained foothold would seem, therefore, truer expression the 
host’s resistance. 

The above findings essentially resemble those occurring the 


mouse under similar conditions. When mouse carcinoma im- 
planted naturally resistant individuals, frequently establishes 
itself and grows for brief period, but soon breaks down the 
midst granulation tissue containing The sig- 
nificance the vastly greater accumulation these cells the 
chicken will discussed further on. 


THE EFFECTS PARTIAL RESISTANCE. 


Natural resistance the chicken sarcoma often insufficient 
protect the host completely. have examined series grafts 
from three Plymouth Rock fowls which tumors slowly arose 
from the material left situ, and have made many less syste- 
matic observations upon large tumors that slowly followed implanta- 
tion chickens other varieties. Doubtless some these, the 
character the implanted material was responsible for the slow 
growth, while others induced resistance was present. The phe- 
nomena observed were identical with those already described, except 
that after the tumor tissue had established itself, did not die, but 
slowly continued proliferate. The lymphocytic accumulation 
the growing edge remained well marked. About the long estab- 
lished growths, lymphocytes were plentiful, association with 
more less well defined connective tissue overgrowth and encapsu- 
lation. 


RESISTANCE FOWLS OTHER SPECIES. 


The tumor will not grow mammals other birds than 
fate has been studied grafts removed series 
from three ducks and four pigeons. The findings the two spe- 
cies were the same. 


Peyton Rous, loc. cit. 
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The implantation regularly gave rise, within week ten days, 
nodule, which was sometimes larger than that produced the 
material susceptible hosts. was firm, sharply defined, elastic, 
and often one centimeter broad within week after the implanta- 
tion tumor bit one tenth this size. But soon its enlargement 
ceased, and within three four weeks had quite disappeared. 
Exceptionally small, indurated lump remained longer. 

Sections show that practically all cases the tumor bit rapidly established 
itself and began proliferate. Lymphocytes collected round about, and 
the sixth day were present immense numbers, forming the greater part 
the nodule, and infiltrating the already hydropic, degenerating tumor tissue. 
Within day two death the tumor cells almost masse had taken place. 
The nodule persisted for some time longer, but there remained only few 
necrotic strands represent the graft. For the rest, consisted lymphocytes, 
with few fibroblasts, macrophages, and polymorphonuclear leukocytes, and 
occasional foreign body giant-cell, enclosing debris. Fibers voluntary muscle 
included the nodule atrophied even complete disappearance. The mass was 
gradually absorbed. 

The findings differ from those naturally resistant chickens 
only the regularity with which the graft established itself, the 
greater lymphocytic reaction, and the more abrupt death all 
the tumor. They resemble those seen mammals implanted with 
mammalian tumor from another species. example, mouse 
tumor the rat establishes itself, grows for short period, and 
then abruptly dies the midst granulation 


THE FINDINGS ABOUT TUMORS THAT RETROGRESS. 


Retrogression the well developed sarcoma infrequent 
healthy chickens. The first sign hardening the tumor 
mass, very evident palpation; then comes cessation growth; 
and length diminution size. The mass disappears slowly 
and sometimes persists for months minute, sharply circum- 
scribed nodule. 

The initial hardening due connective tissue overgrowth 
which becomes more and more marked time goes on. poorly 
vascularized, fibrous capsule forms about the neoplastic mass which 
further divided into irregular lobules fibrous muci- 


Ehrlich, Joc. cit.; Russell, loc. cit. 
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nous degeneration the tumor tissue gradually its cut sur- 
face becomes translucent, and ropy fluid containing true mucin 
may scraped away from it. Sometimes the center the mass 
becomes cystic. Histologically, one finds lymphocytes its edge, 
both nodes and scattered irregularly the capsule, and, 
less extent, the marginal tumor tissue. This latter degener- 
ates little little and absorbed, until last there remains 
only small, encapsulated group spindle cells, with much muci- 
nous, intercellular material (figure 6). Often the tumor cells are 
multinucleated show nuclear hypertrophy, budding, chromi- 
diosis. Similar appearances human tumors are interpreted 
Howard and indicating attempt regulation 
depressed cells. Finally all trace the tumor disappears. 

The phenomena about the mass are similar those associated 
with the retrogression tumors man and other 


THE FINDINGS CHICKENS WITH ACQUIRED 


The retrogression the chicken sarcoma induces resistance 
the host; for now grafts fail give rise tumor, whereas 
formerly one was acquired resistance rats and 
mice, following out like conditions, has long been 
the chicken, these the resistance the tumor 
strain that retrogressed usually well pronounced, for some time 
least, and often not overcome the introduction large 
quantities active tumor tissue. have examined grafts 
series from four fowls tested repeatedly this way after retro- 
gression sarcoma, and from three others which the tumor, 
one time four six centimeters diameter, had recently dis- 
appeared. one these latter, the resistance was not complete, 
shown the fact that, from among several grafts left undis- 


Howard and Schultz, Monographs The Rockefeller Insti- 
tute for Medical Research, 1911, No. 

Peyton Rous, loc. cit. 

Bashford. 
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turbed, this host, sarcomatous nodule eventually developed. 
The other fowls were absolutely resistant. 

hosts with acquired resistance, the graft very frequently 
fails establish itself. The march events similar that seen, 
less often, naturally resistant hosts and sometimes even sus- 
ceptible ones. The bit implanted tumor remains unvascularized, 
shows tendency invade the host tissue the points where 
has become attached, and the course week ten days under- 
goes gradual necrosis that affects last all the tumor cells most 
exposed position the action the fluids the host. The 
same set phenomena has been described Russell occurring 
regularly mice with acquired resistance implanted 
and associated with the death grafts embryonic tissue 
resistant hosts the same 

But acquired resistance the avian sarcoma does not manifest 
itself according this fashion alone. least half the grafts 
become established, proliferate, invade, and, week ten days 
after the implantation, die more less abruptly. the meantime 
immense numbers lymphocytes have collected round about, just 
resistant hosts other sorts (figure 7). The death the 
implanted tissue certainly cannot laid the failure acquire 
supporting and vascularizing stroma, assumed Bashford 


and explanation the death tumor tissue hosts 
with acquired resistance. 


THE LYMPHOCYTE EXPRESSION RESISTANCE 
THE HOST. 


resistant fowls all kinds, large numbers lymphocytes 
collect about the established tumor graft. About the retrogressing 
sarcoma also they are frequent. Several authors have noted the 
association lymphocytes with mammalian tumors, and 
has concluded that they have definite relation resistance the 
part the host. found them constantly about retrogressing 

Peyton Rous, Jour. Exper. Med., 1910, xii, 344. 
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tumors, and about tumor grafts which had become established 
resistant animals. When, the other hand, the graft failed 
become vascularized the mammalian host, these cells were rela- 
tively few. They occurred even susceptible individuals here and 
there about rapidly growing tumors. Our observations all these 
points correspond with Fano’s. But mammals, the lympho- 
cytic reaction relatively and may well asked 
whether the great accumulation lymphocytes seen the fowl 
referable the same cause, namely, the tumor cells such. 
The tissue the avian sarcoma contains extrinsic agent capable 
giving rise the growth; and the possibility that the lympho- 
cytes are response this agent must taken into consideration. 
Fortunately there are available several series grafts adipose 
tissue the fowl which were removed Dr. Tytler some days 
after their implantation normal chickens. About some these, 
lymphocytes accumulated numbers comparable those about the 
sarcoma resistant hosts. Furthermore, Loeb and have 
described lymphocytic reaction about pigeon skin implanted the 
pigeon chicken, and have remarked its profuseness com- 
pared with that seen about the same tissue implanted mammal 
(the guinea pig). From these facts, seems justifiable refer the 
reaction the presence the tumor tissue. explanation its 
profuseness, Loeb and Addison mention the large proportion 
lymphocytes the blood the fowl. According our experience 
they sometimes constitute normal individuals over per cent. 
the white cells. known that they respond actively 
the fowl processes which mammals affect them much 
smaller for example. About grafts the 
sarcoma, all stages apparent emigration from the blood- 
stream can seen; but judge from series blood counts 
that have made, general lymphocytosis accompanies the 
striking local reaction. 

further elucidation the lymphocytic response resistant 
hosts, the findings about grafts killed tissue have been studied. 


Loeb and Addison, Arch. Entwicklungsmechn. Organ., 1911, 
44. 
Hirschfeld and Jacoby, Ztschr. klin. Med., 107. 
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the destructive agent, heat (55°C. for fifteen minutes), 
repeated rapid freezing and thawing, has been used. Twenty series 
grafts killed damaged tissue have been implanted and re- 
moved from susceptible naturally resistant chickens. 

About the bit killed tumor marked macroscopic reaction 
seen. few days, has diminished tiny yellow shred, 
often difficult find. Later, with reorganization, the shred con- 
verted into translucent lump about the size the original graft. 
Soon all absorbed. Microscopically, there occur, first, reaction 
trauma, and then reorganization the necrotic tissue. Very 
few lymphocytes are present any time. most, few small 
foci may seen the adventitia the neighboring vessels. Ex- 
periments the resistance the extrinsic agent, elsewhere 
given full, have shown that fresh tumor tissue will some- 
times withstand temperature 50° 53° for fifteen min- 
utes, degree heat fatal the tissue itself, shown the 
latter’s failure grow the plasmatic medium 
well following histologically the fate the heated graft. 
The tumors which result from inoculation the tissue are en- 
gendered the extrinsic agent such. The histological findings 
will briefly described, since they illustrate the conditions that 
call forth lymphocytic accumulation. 

The tumor tissue heated 50° 53°C. for fifteen minutes 
undergoes necrosis after its implantation and soon converted into 
soft, yellow shred. Its reorganization begins, and week ten 
days after the implantation, the first tumor cells make their appear- 
ance. Thin strands dividing spindle cells become noticeable, 
extending this way that, among the fibroblasts the reorgan- 
izing mass. They are not arranged with relation central focus. 
Proliferating rapidly, they soon form considerable mass and begin 
invade the host structure. And simultaneously with the forma- 
tion the tumor, lymphocytes, practically absent heretofore, collect 
greater less quantity, depending the resistance the host. 
They localize about the sarcomatous tissue. 

plain, therefore, that the lymphocytic reaction owes its pres- 


Burrows, Jour. Am. Med. Assn., 1910, lv, 2057. 
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ence the tumor cells, not the extrinsic agent; and that 
called forth only the living tumor tissue. Fano states that 
lymphocytic reaction not seen about grafts killed mouse tumor. 
the chicken, the reaction occurs under the same conditions 
mammals and peculiar only its profuseness. 

The connective tissue overgrowth associated with the retrogress- 
ing chicken sarcoma can disposed briefly. Histologically, 
quite similar that accompanying the absorption mammalian 
growths. Macrophages are present both instances. But the 
plasma cell, upon which Fano lays much stress its relation 
tumor resistance, not seen the chicken. 


RELATIVE ACTIVITY THE EXTRINSIC AGENT. 


The presence the sarcomatous tissue agent capable 
causing neoplastic change the host cells important affect- 
ing the interpretation the facts reported the present article. 
Although the cells the sarcoma can transplanted, debat- 
able whether the new tumor does not enlarge part neoplastic 
change its surroundings, and whether does not owe most its 
bulk this source. the latter point, negative answer can 
once given. feature the tumor pronounced its 
growth the proliferation cells already neoplastic. 
ment has already been made the great percentage cells which 
may process division one time. Histologically, the 
enlargement the sarcoma appears take place entirely this 
intrinsic proliferation; and the invasion and replacement new 
structures are plainly referable such mode growth. Only 
special methods (heat, cold, drying, filtration) can action the 
filterable agent demonstrated. has seemed not impossible 
that the resistance certain hosts might constitute differential 
whereby this action could brought out,—the transplanted cells 
dying such animals, while the extrinsic agent survives and en- 
genders the growth. Our observations not support this idea. 
may stated general rule that when the host unfavor- 
able the implanted cells that they die, tumor arises. 

susceptible hosts, the development the sarcoma after 
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implantation appears strictly dependent the condition that the 
implanted cells obtain Sometimes, susceptible 
hosts, already stated, the tumor tissue fails live; and sections, 
well the macroscopic finding, prove the absence sarcoma- 
tous change about these dead grafts. So, too, not infrequently 
happens that the implanted tumor fragment unites with the host 
tissue only one end, while for the rest remains for some days 
free the rent caused its implantation. such cases, the 
new tumor can seen develop the-point where the graft 
has become attached the host tissue, and there only. this con- 
nection, should stated that the extrinsic agent requires rela- 
tively long time engender the minutest palpable sarcoma,—at 
least one week, and sometimes more than month. 

From all these facts, follows that the action the extrinsic 
agent may regarded negligible accounting for the phe- 
nomena seen within and about grafts living tumor tissue shortly 
after their implantation. 


REGARDING THE NATURE THE HOST’S 


The significance which Bashford and Russell attach the 
phenomena about grafts tumor tissue has been briefly out- 
lined. They hold that every transplantable tumor elicits from the 
susceptible host specific, supporting, and vascularizing connective 
tissue stroma which its growth depends. The findings with 
many slightly invasive mouse and rat tumors may taken sup- 
port this since hosts favorable such growths, 
reaction” for the support the graft does undeniably occur, 
whereas individuals with acquired resistance, not evident 
under ordinary circumstances observation, and the implanted 
tissue eventually dies. With grafts hashed mouse embryo, 
already mentioned, the same phenomena are witnessed. these 
cases, the appearance non-appearance stroma supporting 
the engrafted tissue does, striking degree, hand hand with 
its success failure. But the findings with the chicken sarcoma 


reality, this dependence not absolute, shown the results with 
grafts which the tissue has been killed but the extrinsic agent survives. 
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cannot reconciled with the assumption that specific stroma 
absolutely necessary the survival the tumor, and that the 
resistance the host finds its sole expression the failure 
supply this stroma. 

Grafts the chicken sarcoma susceptible hosts not always 
remain discrete and passive, speak, until fresh organization 
with vessels and connective tissue enables them grow. Well 
before the graft, such, has been vascularized, very shortly indeed 
after its cells come contact with the host tissue, invasion 
the host structures may begin. The neoplastic cells proliferate, and 
penetrate the surrounding parts, making use the 
vessels and connective tissue for their support, just the very 
invasive human sarcomata described Adami. Furthermore, 
although true that the chicken, the mouse and rat, 
tumor grafts, hosts with acquired resistance, often fail 
vascularized and eventually perish, yet death the avian tumor 
does not always take place this way. The implanted fragment 
may abundantly vascularized, and may grow actively for some 
days before succumbing. The explanation might advanced that 
the stroma reaction has suddenly failed the growth, which therefore 
can extend farther; but this does not account for the death 
such portions are already excellentiy vascularized and sup- 
nor does explain the retrogression mammalian tumors. 

These observations have formed the basis note one 
which was pointed out the insufficiency the stroma 
reaction theory general explanation the acquired resistance 
implanted tumor. the time publication, the extrinsic 
agent capable giving rise the chicken sarcoma had not been 
discovered. Yet its recognition does not invalidate the conclusion 
then expressed; for, have shown, the phenomena occurring 
about grafts the sarcoma are referable the implanted neo- 
plastic cells, and are similar those observed with mammalian 
tumors. more recent paper, has independently 
come the conclusion that the presence absence stroma 
reaction inadequate explain the processes about tumor grafts 


Rous, Jour. Am. Med. Assn., 1910, lv, 1554. 
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rats and mice. Levin, too, has lately presented facts that point 
this 

The true nature tumor resistance cannot here profitably 
taken up. are disinclined attribute the lymphocytes and 
connective tissue overgrowth, seen mammals and birds alike, 
any fundamental importance the process which the host pro- 
tects itself. These histological features are not notably different 
from such accompany, secondary phenomena, tissue derange- 
ments many sorts. 


CONCLUSIONS. 


The living tissue the chicken sarcoma, when implanted 
susceptible hosts, survives, proliferates, and thus gives rise appar- 
ently the whole the new tumor. The histological findings 
about the graft not suggest any other origin for the growth. 

fowls with natural acquired resistance, very striking 
series phenomena takes place about the graft the established 
growth. They are referable the presence the living neo- 
plastic cells and are essentially similar those already described 
mammals. 

The lymphocyte has association with the processes resis- 
tance the fowl, similar to, but more marked than that observed 
mammals. 

Resistance the host does not constitute for the chicken 
tumor differential means whereby the extrinsic agent present 
the growth can observed engender it. general, may 
stated that, when the new host unfavorable the transplanted 
sarcoma cells cause their death, tumor develops. 

The activity the extrinsic agent negligible affecting 
the interpretation the phenomena about grafts the avian sar- 
coma resistant and susceptible hosts. They are referable the 
presence the transplanted cells. 

The appearance non-appearance specific, supporting, 
and vascularizing reaction the host tissues cannot looked upon 
determining the fate grafts the chicken sarcoma. The 
same seems true mammalian neoplasms. 


Levin, Jour, Exper. Med., 1911, xiii, 604; xiv, 139, 
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EXPLANATION PLATES.” 
PLATE 36. 


Fics. and The fate the sarcomatous tissue susceptible host. 
The three grafts shown cross section with the surrounding tissue were re- 
moved the second, third, and fourth days, respectively, after their implan- 
tation between epidermis and corium (pars reticularis) the same host. This 
host carried tumor which was operated upon obtain material for the implan- 
tation. The grafts were originally the same size, and all have the same 
magnification. 

figure the tumor bits lie free rent the host tissue. figure 
they have grown markedly and are attaching the host tissue, which, histologic- 
ally, sharply distinct from them. has not yet occurred. 
figure the bits have united form nodule, the growth which has already 
pushed one side the adjoining structures. 


PLATE 37. 


Fic. sarcomatous growth attached the surface the liver. The 
fowl had received intraperitoneal injection suspension tumor frag- 
ments salt solution. The mass without vascularization. markedly 
resembles culture the tumor cells vitro, and apparently had received its 
sole nourishment from the peritoneal exudate. 

Fic. portion tumor graft that established itself the naturally 
resistant host (Plymouth Rock fowl) and began grow. There dense 
accumulation lymphocytes about the tumor tissue, which shows signs 
degeneration. Fifth day after the implantation, 


PLATE 38. 


Fic. Margin small nodule that remained for many weeks the sole 
remnant large sarcoma that retrogressed (Plymouth Rock host). The 
encapsulation, the lymphocytic nodes and infiltration, and the degenerate forms 
the tumor cells are characteristic. 

Fic. portion tumor graft that had established itself and begun 
grow chicken with acquired resistance. Fifth day after the implantation. 
There are many distended blood-vessels the tumor tissue. They appear the 
photograph dark spots, owing the deeply stained nuclei the erythrocytes. 
About the tumor dense accumulation lymphocytes. After brief pre- 
liminary growth, the grafts left situ all died. 


All the sections were stained with methylene blue and eosin. 
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THE PRODUCTION ANTIBODIES TISSUES 
LIVING OUTSIDE THE ORGANISM.* 


ALEXIS CARREL, AND RAGNVALD INGEBRIGTSEN, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


PLATE 


INTRODUCTION. 


The recent development efficient technique for large cul- 
tures has rendered possible the study the functions tissues 
living outside the organism. order ascertain whether tis- 
sues cultivated vitro retained the property reacting against 
antigens producing antibodies, attempted induce guinea 
pig bone marrow and lymph glands become hemolytic for goat 
red blood corpuscles. are very much indebted Dr. Noguchi, 
whose advice enabled obtain immediately positive results 
these experiments. 


METHOD. 


Guinea pig bone marrow and lymph glands were cultivated 
guinea pig plasma Gabritschewski boxes. Goat blood was selected 
antigen because only slightly, not all hemolysed 
guinea pig serum. The cultures containing goat blood and 
their controls were incubated for five days. Then the presence 
hemolysins was determined the fluid exuded extracted from 
the medium. 

Preparation the was taken from the carotid 
artery guinea pig through oiled cannula, and plasma was 
obtained the ordinary The lymph glands the 
neck were extirpated. the femurs were resected and the 
bone marrow was removed. After having been washed Ringer’s 
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solution, the bone marrow and lymph glands were cut into very 
small fragments and suspended Ringer’s solution. They were 
spread the cover Gabritschewski box, and covered plasma. 
one experiment, guinea pig serum and agar were substituted for 
plasma. Goat blood was taken aseptically and washed three times 
Ringer’s solution. Two drops washed red blood corpuscles 
were generally added culture containing twenty drops 
plasma and five six drops suspension tissues Ringer’s 
solution. mixture bone marrow and lymph gland, and, ex- 
ceptionally, bone marrow alone, was used. Larger and smaller 
quantities blood were also employed, but the results were less 
satisfactory. Together with every culture containing goat red 
blood corpuscles, control culture without antigen was prepared. 
Other control cultures were made composed only guinea pig 
plasma, goat blood, and bone marrow killed heat. When more 
precise microscopical examination was needed, small hanging drop 
cultures hollow slides were also studied. 

The cultures were deposited the incubator temperature 
39° C., and examined every day from the standpoint growth 
tissues, phagocytosis, and possible development bac- 
terial colonies. After four, and generally five days, the cultures 
were removed from the incubator. 

Examination the Gabritscheswki boxes were 
opened and the plasmatic jelly was cut small pieces and aspirated 
into large pipette. The fluid that covered the bottom the box 
was also taken. Fluid and medium containing the tissues were 
placed glass tubes, frozen ice and salt, brought back room 
temperature, and centrifugated. The amount fluid extracted 
from each culture was 0.5 0.75 cubic centimeter. The 
technique Epstein and Ottenberg,? which permits testing the 
hemolytic power very small amounts serum, was followed. 
per cent. suspension goat washed red blood corpuscles was 
used. Two parts extract were mixed with one part sus- 
pension blood corpuscles. The characters the hemolysins were 
investigated the ordinary methods. 


Ottenberg and Epstein, Arch. Int. Med., 1900, iii, 467. 
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EXPERIMENTS. 


Seventeen experiments were made. several cases, complica- 
tions occurred, such premature death the tissues, concentra- 
tion the plasma, bacterial infection, etc. These experiments 
were discarded, even the results were only slightly modified. 
shall describe only the experiments which the technique was 
entirely satisfactory. 


Experiment culture was made, Gabritscheswki box, guinea pig 
bone marrow and lymph gland ten drops guinea pig plasma and two drops 
washed goat corpuscles. 

The control culture contained the same amount bone marrow and lymph 


the incubator 39° C., the cultures were still living and both were the same 
condition. They were cut small pieces, squeezed, frozen for ten minutes, and 
centrifugated. The fluid was tested against goat blood. 

After two hours the incubator (39° C.) and four hours the ice box, there 
was slight hemolysis the extract from the culture with goat blood, and 
hemolysis the control. 

Experiment culture was prepared guinea pig bone marrow 
medium consisting sixteen drops guinea pig serum and four drops per 
cent. agar. Two drops washed goat corpuscles were added. 

The control culture contained goat blood. After four days the cells 
the cultures were still good condition. the morning the fifth day the 
incubator, the cultures were partially dying. They were cut pieces, frozen, 
and centrifugated. The fluid was tested against goat corpuscles. 

After two hours the incubator (39° C.) and ten hours the ice chest, the 
extract from the culture with goat blood showed marked hemolysis; the con- 
trol showed hemolysis. 

Experiment culture was prepared guinea pig bone marrow and 
lymph gland twenty drops guinea pig plasma and two drops goat red 
blood corpuscles. 

culture bone marrow and lymph gland plasma without goat blood. 

Plasma and goat blood without tissue. 

After five days the cultures were good condition. There was disinte- 
‘gration the leucocytes. They were put cold storage for two days and then 
cut small pieces, frozen, centrifugated, and tested against goat blood. There 
was hemolysis the extract from the culture with goat blood, and hemolysis 
the controls. 

Then the rest the tissue extract from the first culture was 
into two parts and IT). 

Part was heated 56° for half hour and divided into two parts. 
one these (a), goat corpuscles were added. After two hours the incu- 
bator and four hours the ice chest, there was hemolysis. The second part 
was kept for later use. 


gland ten drops guinea pig plasma, without goat blood. After four days 
‘ 
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Part consisted fresh extract placed with normal goat corpuscles for 
four hours the ice chest and then centrifugated for one minute. the cen- 
trifugated cells was added normal guinea pig serum after two 
hours the incubator and eighteen hours the ice chest, there was complete 
hemolysis. 

The control contained normal goat corpuscles and complement. There was 
hemolysis. The centrifugated fluid was divided into two parts (a’ and b’). 
The first part (II a’) was mixed with normal goat corpuscles. After two hours 
the incubator and eighteen hours the ice chest, there was slight hemolysis. 
the second part (II b’) were added equal parts heated extract and 
normal goat corpuscles. There was slight hemolysis. 

Experiment culture was made guinea pig bone marrow and lymph 
gland twenty drops guinea pig plasma and two drops goat blood. 

Control, without goat blood. 

After five the incubator, the cultures were good condition. They 
were cut small pieces, frozen, centrifugated, and tested against goat blood. 
The fluid extracted from the culture with goat blood showed complete hemolysis 
after six seven minutes. the control, traces hemolysis occurred after 
two hours the incubator and eighteen hours the ice chest. 

The extract culture (hemolysis was divided into two parts and II). 
Part was heated 56° for half hour, and divided into three parts. 
one these (a), goat corpuscles were added. After two hours the incu- 
bator and eighteen hours the ice chest, trace hemolysis occurred. the 
second (b) were added goat corpuscles and guinea pig serum (complement). 
Marked hemolysis occurred after two hours the incubator, and eighteen hours 
the ice chest. The third part (c) was kept for later use. 

Part consisted fresh extract and was kept with normal goat corpuscles 
for eighteen hours the ice chest. the sedimented corpuscles was added 
normal guinea pig serum (complement). After two hours the incubator and 
sixteen hours the ice chest, there was marked hemolysis. 

The control contained goat corpuscles with complement. After two hours 
the incubator and sixteen hours the ice chest, there was trace 

The supernatant fluid was divided into two parts, and b’. The first part 
(II a’) was mixed with normal goat corpuscles and placed for two hours 
the incubator and eighteen hours the ice chest. There was trace 
hemolysis. 

the second part (II b’) were added equal parts heated extract 
and normal goat corpuscles. After two hours the incubator and eighteen 
hours the ice chest, there was marked hemolysis. 


RESULTS. 


The fluid the cultures containing goat blood has acquired 
the power hemolyse markedly goat red blood corpuscles, while 
the serum the control cultures remained non-hemolytic. 
certain then that hemolysins appeared the cultures under the 
influence the antigen. 
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four day old culture already contained hemolysin, but much 
less than the cultures five days old. The appearance the hemoly- 
sins was preceded phagocytosis the goat red blood cor- 
puscles the guinea pig leucocytes. the small 
hanging drop cultures, prepared together with the cultures 
Gabritscheswki boxes, showed that, the second day cultivation 
vitro, leucocytes were still inactive against the red blood cor- 
puscles, but that the third day they phagocyted them rapidly. 
Camera lucida drawings the successive phases phagocytosis 
were taken (figure 

The nature the hemolytic power the cultures acquired 
the serum was then investigated. This fluid hemolysed goat red 
blood corpuscles without the addition complement. After hav- 
ing been heated 56°C. for half hour, lost its hemolytic 
power. Then, addition complement, regained the power 
hemolyse goat red blood corpuscles. 

Goat red blood corpuscles were placed for four hours 
the fluid extracted from five day They were then 
separated centrifugation, and little complement was added. 
They became hemolysed, while fresh goat blood corpuscles, 
which guinea pig serum was added, remained unaltered. was 
found also that the fluid, separated from the red corpuscles 
centrifugation and mixed with goat fresh red corpuscles, had lost 
almost completely its hemolytic power. Therefore, appeared that 
the hemolytic power acquired the cultures was due substances 
acting natural hemolysins. 


CONCLUSIONS. 


Since guinea pig bone marrow and lymph gland cultivated for 
five days with goat blood generate substances that are hemolytic 
for goat red blood corpuscles, can concluded that tissues 
living outside the organism react against antigen the pro- 
duction antibody. 


EXPLANATION PLATE 309. 


The drawing represents goat erythrocytes phagocyted guinea pig leucocytes. 
The corresponding figures the left and right sides were drawn two different 
times the third day. 


FURTHER NOTE UPON THE EXPERIMENTAL 
DUCTION LEPROSY THE MONKEY 
(MACACUS RHESUS), WITH CRITICAL 
STUDY THE CULTURE 
EMPLOYED.* 


CHARLES DUVAL, M.D., MAURICE COURET, M.D. 


(From the Laboratories Pathology and Bacteriology, Tulane University, 
New Orleans, Louisiana.) 


PLATES 40-45. 


May, one published briefly the results 
some experiments upon small series monkeys which 
lesions leprosy followed the repeated injection large quanti- 
ties acid-fast bacilli that had been cultivated from the specific 
lesions human lepers. While the infection produced the 
majority the animals was localized the site inoculation, 
two, leprous lesions developed places remote from the injection 
site, and the animals showed many the clinical symptoms com- 
mon the disease man. However, even the monkeys that 
developed disseminated lesions, complete recovery apparently oc- 
curred two three months after the first appearance symptoms; 
least, all external evidence the infection disappeared, and the 
animals seemed perfect health. Although the external 
lesions subsequently disappeared, the experiment proved that this 
species monkey could infected with acid-fast bacilli derived 
from the lesions human leprosy. Moreover, the identity the 
artificially grown culture seemed established, for the experimental 
infection was many essentials like leprosy man. 

Since these earlier experiments, have discovered? that the 
animal sensitized with killed bacilli and given second injection 
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viable organisms after interval two more weeks, local 
well disseminated lesions are more often induced. This 
true for the monkey and for other animal species formerly regarded 
refractory. 

The purpose this paper (1) report further upon the oc- 
currence leprosy monkey that developed the disease thirteen 
months after the first, and nine months after the last injection 
pure culture Bacillus lepre, the infection being identical 
symptom-complex with that man, and terminating fatally; and 
(2) describe detail the culture employed, together with critical 
remarks relative other acid-resisting species with which the 
specific organism might confused. 


EXPERIMENTAL PART. 


October 17, 1910, full-grown male monkey (Macacus 
rhesus) was inoculated hypodermically into the subcutaneous 
tissues the right inguinal region with one cubic centimeter 
heavy, homogeneous suspension pure culture acid-fast 
bacilli (approximately four million) which had been isolated one 
year previously from the human spleen autopsy. Twenty-four 
hours after the injection, the monkey appeared perfectly well and 
showed signs inflammation the site inoculation. Eight 
days later, October 25, the animal was given second injection 
the culture into the subcutaneous tissues the left inguinal region 
(approximately four billion bacilli being used). this time there 
was still evidence either localized general infection result- 
ing from the first injection. The monkey was apparently per- 
fect health. 

Two weeks after the second injection, nodule the size split 
pea developed the subcutaneous tissue the site the first inoc- 
ulation and slowly increased size from day day, and three 
weeks attained the size hazel-nut. The tumor mass ruptured 
spontaneously the seventeenth day, discharging grumous ma- 
terial which, microscopic examination, was found contain 
large numbers acid-fast bacilli. Cultures from this material 
showed pyogenic November the animal 
received, into the subcutaneous tissue the right groin, third 
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injection the culture, which was followed forty-eight hours 
the appearance hard nodular mass, one centimeter extent, 
that slowly continued decrease size. November 16, the 
monkey was given subcutaneously fourth injection the culture 
(approximately four billion bacilli suspended sterile normal salt 
this time, the animal, all external appearances, 
was perfect health. 

March 1911, three months later, the animal showed the 
first signs disseminated infection and presented, part, the clin- 
ical picture human leprosy (maculo-anesthetic type). the 
right side the face, small, raised erythematous patch, approxi- 
mately three centimeters extent, appeared and gradually extended 
the forehead. The appearance the patch was identical with 
the erythema noted human leprosy during certain periods the 
disease. This area was incised and the expressed serum showed 
the presence acid-fast bacilli which resembled size, shape, and 
arrangement the Hansen bacillus. The macular eruption persisted 
for two three weeks, when disappeared and the monkey for 
nine months afterwards showed external evidence the in- 
fection and appeared robust health. 

November 1911, eleven months after the last injection, 
was noted that the tissues below the monkey’s left eye were swollen, 
and the overlying skin was purplish red. This mass steadily en- 
larged and ten days attained the size marble, which, con- 
sequence, caused complete closure the left eye (figure 9). 

The mass involved the subcutaneous tissue the whole lower 
eyelid and extended for 0.5 centimeter below the lower orbital 
ridge. The conjunctival sac and eyeball were not involved. 
palpation, the mass showed distinct fluctuation, and, when incised, 
discharged three cubic centimeters thick, golden yellow material. 
The abscess cavity was found extend throughout the whole 
the lower quadrant the orbit. Microscopic examination the 
pus showed innumerable slender, slightly curved and beaded acid- 
fast rods, which were, for the most part, arranged groups 
twos and threes within the protoplasm polymorphonuclear 
leucocytes (figure 22). 

The gross appearance the tumor mass and the microscopic 
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picture the content corresponded every respect the sub- 
cutaneous leprous abscess the human subject. this con- 
nection, worthy mention that the pus from human leprous 
abscess composed almost entirely polymorphonuclear cells and 
sterile with respect pyogenic organisms (Gurd).* Those not 
familiar with this phase human leprosy would regard the abscess 
either case due secondary pyogenic infection because 
the presence such enormous numbers pus cells; however, 
the absence pyogenic organisms settles the question. Further- 
more, there abundant proof that the acid-fast bacilli these 
abscesses are Bacillus lepre and not some saprophytic species, since 
the latter never give rise acute abscess formation and are readily 
cultivated. Besides, the absence acid-fast growth all media 
except that for the cultivation Bacillus lepre further proof 
that the culture does not contain any the saprophytic species. 

first, were inclined regard the abscess tubercular, 
thinking that might similar that the human cases tuber- 
culosis which were reported Theobald Smith,* 1898, and 
one 1909. However, the failure induce 
lesions the guinea pig, obtain from the pus cultures 
tubercle bacilli upon suitable media, ruled out this possibility. 

One cubic centimeter the pus from the infra-orbital abscess 
Was emulsified ten cubic centimeters sterile water, and two 
guinea pigs, weighing 690 and 670 grams, respectively, were each 
inoculated subcutaneously and intraperitoneally with five cubic 
centimeters. These animals were perfectly normal when killed 
eighteen days after the inoculation. There was evidence 
tuberculosis either macroscopically microscopically. Another 
portion the pus was planted upon the ordinary laboratory media 
and special media (Dorset egg, human serum, neutral blood agar, and 
per cent. alkaline fish agar) for the cultivation tubercle and 
lepra bacilli. The ordinary media for the recovery pyogenic 
bacteria remained sterile, and growth any kind appeared 
the special media for the cultivation the tubercle bacillus, though 
incubated 37° for period six weeks. 

Jour. Infect. Dis., 1911, viii, 30. 
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good growth acid-fast bacilli occurred twelve days 
the alkaline fish and neutral blood agars. The first generation 
showed great variety acid-fast rods, including many diplococ- 
coid forms which retained intensely the carbolfuchsin stain after 
decolorization with Gabbet’s solution for one however, the 
majority the organisms given microscopic field were long, 
slender, and beaded. the third generation, all beaded forms had 
disappeared and the fields now showed nothing but deeply staining 
short forms (figure 4). 

After incising the abscess the face and expressing the pus, 
the wound partially healed, and, consequence, there remained 
wellmarked ectopia the lower lid. 

Simultaneously with the appearance the subcutaneous abscess 
the soft tissues below the monkey’s left eye, there developed 
another subcutaneous mass over the external occipital protuberance. 
Two weeks after its appearance, this tumor was 2.5 centimeters 
depth, and 4.5 centimeters its greatest extent (figures and 
The mass was firmly adherent the skin, which, over the highest 
part, was denuded hair and greatly thickened. ruptured 
spontaneously three weeks after its appearance and discharged 
serosanguineous material rich slender, beaded acid-fast bacilli. 
After the escape moderate amount the tumor content, there 
remained hard central core that was firmly adherent the 
calvarium. The skin the immediate neighborhood, though not 
adherent the mass, was greatly thickened, and showed, micro- 
scopic sections, did sections from the central core, dense mosaic 
proliferated cells the epithelioid type interspersed with in- 
numerable lepra cells, many which contained the so-called globi 
(figure 21). Cultures upon variety media were likewise pre- 
pared from this material and guinea pigs were inoculated sub- 
cutaneously and intraperitoneally. The acid-fast bacilli grew only 
upon the special lepra medium, but were associated with con- 
taminating staphylococcus which had gained entrance because the 
mass had ulcerated the time the material was removed for cul- 
tivation. The guinea pigs that had been inoculated were killed 
after two and three weeks, respectively, and autopsy showed 
evidence tuberculosis either macroscopically microscopically. 
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few weeks after the appearance the monkey the lesions 
described above, several cutaneous leprous tubercles developed upon 
the lower part the animal’s body; one, measuring 0.5 centi- 
meter the inner side the left leg, and eight others, varying 
size from 0.5 centimeter one centimeter diameter, 
the right groin. These nodules were purplish red color, dis- 
tinctly elevated, and firmer than the normal skin. Subsequently 
several these areas became ulcerated. Examination the 
bloody serum from these ulcers showed numbers acid-fast bacilli 
the characteristic morphology and arrangement Bacillus lepre 
the human tissues. 

interesting and important discovery this case was the 
finding innumerable acid-fast bacilli the nasal secretion, 
although the time the first examination there was apparent 
gross, nasal pharyngeal lesion. was noted one week later, how- 
ever, that the left external nostril had become reddened and 
markedly ulcerated. The animal died December and 
was autopsied six hours after death. 


AUTOPSY PROTOCOL. 


The body that moderately emaciated, large, male monkey (Macacus 
rhesus). The post-mortem rigidity marked. With one exception the super- 
ficial lymph-nodes are not palpable. The palpable node the size pea, 
and situated the left inguinal region just above Poupart’s ligament. 

the top the head, point corresponding the occipito-parietal 
fissure, and cm. the right the median line, indurated and ulcerated 
nodular mass, 3.5 cm. diameter. The walls this mass are formed above 
the greatly thickened skin and underlying tissues, and beneath both plates 
the skull which, this point, eroded over area cm. length 0.7 
cm. width (figure The floor the nodule formed the thickened 
and roughened dura mater which adherent the calvarium this point. 

Below the left eye and involving the lower lid ulcerated area 1.5 cm. 
diameter. This area extends back into the orbit involving the periosteum 
the sphenoid and lacrimal bones, and extends through the lachrymal duct 
the nose where involves the turbinated bones and nasal septum. terminates 
thickened, red, and indurated area the left nasal orifice. The sphenoid 
and lacrimal bones are necrotic. The eyeball not involved. 

Upon the inner surface the right thigh are two small ulcers measuring 
0.2 and 0.3 cm, diameter, and upon the abdominal wall over the right iliac 
fossa are eight similar ulcers measuring cm., respectively. These ulcers 
are shallow, though their walls are thick, indurated, and considerably elevated 
from the surrounding skin. There brown irregular macule which measures 
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about 1.5 cm. diameter McBurney’s point. The animal’s hair every- 
where sparse and dull. 

The peritoneal cavity dry and the peritoneum pale, moist, and glistening 
and shows adhesions. The mesenteric and retroperitoneal lymph nodes are 
not palpable. The spleen and liver show adhesions neighboring structures, 
and the diaphragm its normal position. The appendix appears normal. 
lymph node, the size pea, found below the skin the left side just 
above Poupart’s ligament. section, this node shows gross lesions. 

The pleural cavities are dry and the lungs appear normal. Both visceral and 
parietal pleure are smooth and moist. The lymph-nodes the thoracic cavity 
are not palpable. 

The pericardial cavity and heart are normal. 

The spleen not enlarged. shows, however, two yellowish nodules deep 
beneath the capsule, which measure cm. diameter. One these areas 
situated the internal surface the organ, short distance below the supe- 
rior border, and the other the lower pole (figure 14). section, they 
appear fairly well circumscribed yellowish areas that gradually become 
diffused into the surrounding pulp. other gross abnormalities are present. 

The liver not enlarged, and the capsule smooth, though the lymphatics 
show prominently. Five golden yellow nodules, varying size from 0.2 
diameter, are found the under surface the right lobe (figures and 
16). These are slightly elevated above the surface and are somewhat softened. 
While they are, for the most part, spherical shape, their outer borders not 
end abruptly but rather infiltrate the surrounding tissues. section, thick 
golden yellow material found occupy the center these nodules. The 
organ shows otherwise nothing remarkable. The gall bladder negative. 

The pancreas, stomach, ‘and intestines are negative. 

The kidneys, adrenals, bladder, and testes are slightly congested, but other- 
wise show macroscopic change. 

The organs the neck are negative, except the nasopharynx which red, 
swollen, and slightly eroded, the continuation similar condition the nasal 
mucous membrane. 

The dura mater adherent the calvarium the point below 
the erosions the skull described above. Here thickened and nodular, 
and its outer surface eroded. not adherent below this lesion the pia- 
arachnoid, which clear and smooth throughout. 

Numerous hemorrhagic extravasations are seen beneath the pia mater. 
These vary size from 0.5 cm. diameter (figure 12). The hemor- 
rhages are largest and most numerous the middle and frontal lobes and 
about the Sylvian fissure, though they are also numerous about the pons and 
cerebellum. They are noticeably absent over the occipital lobe, the upper 
border which lies immediately below the lesion the dura and calvarium. 

The spinal cord, spinal ganglia, ulnar brachial, and sciatic nerves show 
gross changes. 

Anatomical skin (maculotubercular type); leprous 
nodules liver and spleen; acute hemorrhagic leptomeningitis (leprous) ulcer- 
ated nasopharynx (leprous); abscess (infra-orbital). 

Material from the nodules the liver and spleen was removed under 
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aseptic precautions and transplanted the following media: Dorset egg, 
containing per cent. glycerin, neutral blood agar, per cent. tryptophan fish 
agar, human and rabbit serum agars, and, addition, cultures were prepared 
the ordinary laboratory foodstuffs. All the media remained sterile regards 
microorganisms other than acid-fast species. The tryptophan and blood 
agar media showed fine growth that was discernible the naked eye, the 
ninth day after incubation 37° C., the form minute discrete pin point 
colonies. Stained preparations from these colonies showed solidly staining, 
short acid-fast bacilli, resembling morphology the bovine tubercle bacillus. 
noteworthy that the slender, beaded rods the material transplanted 
had changed completely under artificial cultivation. Furthermore, the same 
difference was noted with regard the bacilli cultivated from the liver and 
spleen nodules. Although the organisms were morphologically and tinctorially 
indistinguishable the tissue from the tubercle bacillus, their arrangement 
dense clusters packets associated with the so-called lepra cell served 
once differentiate them. 


DESCRIPTION THE CULTURE, 


The acid-fast organism used this experiment was isolated 
pure culture from the spleen fatal case human leprosy which 
occurred the Louisiana Leper Home May, 1909. the 
time the monkey was first inoculated, the culture had been under 
artificial cultivation for more than year and, consequence, was 
growing well variety enriched media. 

The bacilli the initial transplant multiplied very slowly, and 
only after repeated subculturing upon special medium over 
period three months was possible obtain pure culture. 
macroscopic growth was discernible upon any medium for several 
weeks, although, microscopic examination, was evident that 
multiplication had started, since the spherical masses globi the 
transferred tissue bits were several times their original size, and the 
organisms many places covered whole fields the microscope 
close masses slender, slightly curved beaded rods (figures and 
21). The morphology the organism this period did not differ 
from the Hansen bacillus the tissues, with the exception, perhaps, 
that they were somewhat longer and thicker (figure 3). After the 
culture had accustomed itself the conditions, vitro, growth 
occurred more rapidly, and the individual bacilli appeared smaller 
and more diffusely scattered, where formerly they were isolated 
packets clumps. 
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All the earlier attempts colonize the culture failed, although 
grew readily upon nutrient alkaline agar association with 
ameba and Bacillus typhosus; however, after repeated subplating, 
separate colonies were obtained after five six weeks’ incubation 

noteworthy that the transplanted human leprous tissue 
had contained some common saprophytic acid-fast species addi- 
tion the Hansen bacillus, difficulty would have been experi- 
enced its cultivation, least would not have taken months 
accomplish its isolation. well known that the ordinary sapro- 
phytes, which might confused with Bacillus lepre because 
their similarity morphological and tinctorial properties, grow 
readily upon almost any laboratory medium. the 
source this culture (spleen) makes improbable that 
extraneous acid-resisting such the bacillus 
timothy hay, even granting that some the so-called 
fusing may accidentally occur times the exposed 
leprous ulcer. 

general, the lepra culture retained for many generations 
the morphology the Hansen bacilli the tissues. After the 
twentieth thirtieth generation artificial medium, which cor- 
responded the time when artificial growth activity was perma- 
nently established, the bacilli showed decided change size and 
shape and their manner arrangement. The rods now assumed 
diplobacillary form that resembled the young cultures the 
bovine tubercle bacillus. The difference was marked that, unless 
the transformation had been followed from day day, one would 
doubt whether the resulting growth small, deeply staining rods 
was the progeny the original beaded forms. have re- 
peatedly observed that this same culture, when passed through 
susceptible animal, again assumes the characteristic slender, beaded 
appearance the Hansen bacillus the tissues. Although this 
transformation indicates that the culture rapidly growing and 
has become accustomed saprophytic conditions, criterion 
that the organism incapable producing leprosy, the experi- 
ment reported herein proves. 

The change morphology and manner division the bacilli 
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culture easily followed routine microscopic study. Here 
careful observation stained preparations the organism 
observed hanging drop, shows that massing the chromatin 
substance takes place the individual bacilli form one more 
swollen ovoid bodies indicating amitotic division. This massing 
the chromatin becomes more and more definite until one two 
well formed, deeply staining, oval bodies appear the parent cell. 
During the early stage this transformation only few the 
beaded types show this alteration; however, from day day, more 
and more bacilli undergo the change, and subsequently the culture 
consists entirely single and diplobacillary forms (figures and 8). 

the stained preparations, the contrast density coloring 
between the old, slender, slightly curved rods and their enclosed, 
well released progeny striking that there mistaking 
the relation the two the manner reproduction during this 
period. Furthermore, there hardly possibility, for those ex- 
perienced the initial cultivation Bacillus lepre from the tissues, 
take the two forms distinct species, assume that the long 
variety the true Hansen bacillus which failed multiply and, 
consequence, became lost killed the other species. 

The manner division for Bacillus lepre may occur two 
other ways; namely, transverse fission which gives rise rods 
arranged pairs short chains two more pairs, and 
longitudinal cleavage which results close packets bacilli 
arranged parallel rows. Often these packets common 
note that short, plump, solidly staining rod will alternate 
regular sequence with thin faintly staining bacillus (figures 
and 7). 

There are apparently number factors that influence the 
manner division Bacillus lepre, among which may men- 
tioned the reaction the medium, the kind artificial foodstuff, 
the oxygen supply, and the species animal which the bacilli 
are harbored. Whereas cold-blooded animals the bacilli seem 
divide transverse cleavage, warm-blooded animals they 
multiply, rule, amitotic division the chromatin, though 
times transverse and longitudinal division undoubtedly occur. 

Aside from the fact that the diplococcoid form Bacillus lepre 
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capable producing leprous lesions and will again revert the 
animal body the basic type (slender and beaded), there are 
distinct biological differences that serve separate the culture 
from all known saprophytic acid-fast species. wish state, 
further support the specificity the culture, that each instance 
where have attempted the cultivation the Hansen bacillus, 
the resulting growths have corresponded every particular. The 
probability always recovering the same saprophyte from internal 
well external lesions every case leprosy from which 
have cultivated acid-fast bacillus seems extremely remote. 
true that some strains Bacillus lepre are recovered pure 
culture more readily than others, but the majority instances, 
the specific organism recovered with great difficulty, and only 
after making subcultures special medium. Again, few 
cases, almost impossible obtain Bacillus lepre pure cul- 
ture, though growing well symbiosis with cultures typhoid, 
etc. 

While almost impossible confuse the initial culture 
Bacillus lepre with any the common acid-fast saprophytes, old 
cultures Bacillus lepre, e., cultures that have become ac- 
customed artificial growth conditions and are multiplying readily 
upon variety media, may possibly confused with the bacillus 
timothy hay, because they both produce somewhat similar 
pigment (figures and 2). Even with regard this property, 
comparative study shows distinct and constant differences for the 
species. the other hand, there chance mistaking 
Bacillus lepre for any the other known acid-resisting sapro- 
phytes, such Moeller’s grass bacilli and Rabinowitch’s cultures 
from butter and milk. 

Pure cultures Bacillus lepre, when grown upon solid medium, 
more especially per alkaline fish agar, always give 
moist, cadmium colored growth that glistening, easily detached, 
and does not spread from the needle track; while the bacillus 
timothy hay, the only species with which Bacillus lepre might 
confused, invariably produces dull, dry, brick red growth that 
spreads rapidly over the whole surface the medium. the 
most favorable medium, requires three five days for the most 
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rapidly growing cultures Bacillus lepre show visible growth; 
while the bacillus timothy hay, under the same conditions, gives 
well marked growth twenty-four hours. Cultures 
lepre though growing luxuriantly variety special media 
will, ordinary nutrient agar either fail grow or, most, give 
very faint growth; but the bacillus timothy hay grows pro- 
fusely this medium. Again, Bacillus lepre facultative 
aerobe, while all strains the bacillus timothy hay with which 
have worked are obligate aerobes. Bacillus lepre gives readily 
homogeneous bacterial cloud when suspended fluid medium, 
and the bacillus timothy hay, like the tubercle bacillus, emulsi- 
fied with great difficulty, and often not all. glycerin 
bouillon, prepared after the method Theobald Smith for the 
differentiation tubercle bacilli, the end reaction for Bacillus lepre 
neutral slightly alkaline, while the bacillus timothy hay 
produces change the reaction the medium. Finally, the 
various serum tests (complement fixation, agglutination, reaction, 
etc.) are specific and serve differentiate sharply the lepra culture 
from any the known saprophytic acid-resisting group. 


SUMMARY AND DISCUSSION. 


Fatal leprosy, with all its clinical and pathological manifestations 
man, may experimentally induced the monkey (Macacus 
rhesus) with pure culture the acid-fast bacillus cultivated 
one (Duval) from leprous lesion man. 

produce the disease experimentally, seems necessary 
give the animal repeated injections large numbers leprosy 
bacilli given intervals for period months. 

That the infection more likely follow where sensitization 
first established definitely proven the specific experiments that 
have carried out upon variety laboratory animals. The 
first injection, assume, sensitizes the animal and may consist 
either killed viable lepra bacilli. 

The necessity first sensitizing the monkey and then giving 
repeated doses viable organisms over long period might explain 
the relative infrequency the disease man; least, offers 
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explanation the fact that man rarely, ever, contracts leprosy, 
although intimately associated for indefinite period with those 
afflicted with the disease. 

The leprous lesions the monkey are histologically indistin- 
guishable from those man and not essentially resemble the 
specific lesion tuberculosis, blastomycosis, the lesions experi- 
mentally produced with saprophytic acid-fast species, since the ap- 
pearance large lepra cells and the arrangement the bacilli 
dense packets within these cells form the so-called globi 
constant and characteristic feature for the experimental well 
the human lesion (figures 17, 18, and 19). 

The production leprosy the monkey proves conclusively that 
the acid-fast bacillus cultivated one (Duval) from the 
human lesion the Hansen bacillus and not some extraneous sapro- 
phyte, and that the etiological factor human leprosy. 

our experience, has been extremely difficult produce, 
the lower animals, more than transient localized lesion with 
human leprous material rich the specific bacilli, unless the animal 
first sensitized, when lesions histologically identical with those 
produced pure cultures are easily induced. Therefore, 
natural expect that cultures Bacillus lepre which are many 
generations removed from the parent stem are less likely infect, 
unless given larger doses the ground loss virulence. 

When experimental leprous lesions occur the internal organs, 
they are more often found the liver and spleen, while the 
experimental lesions occasionally produced the lower animals 
with some the saprophyte species, such the bacillus timothy 
hay, Moeller’s grass bacilli, rarely, ever, occur these 
organs (Abbott and These authors did not find 
lesions the liver and spleen single instance after inoculating 
forty-five rabbits intravenously with large doses the 
group.” Furthermore, the cell picture and the appearance and 
arrangement these bacilli the lesions way resemble ex- 
perimental leprosy 

indication that given culture not the Hansen bacillus 
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because the individual organisms differ size and shape from 
those the tissues, since well known fact that marked 
variations morphology are common for many bacterial species 
under natural and artificial conditions. One (Couret)® has 
already pointed out that there wide variation morphology 
for Bacillus lepre under different environments. The experimental 
work serves not only emphasize this fact, but proof that 
transformation from the slender beaded rods the tissues solidly 
staining diplococcoid forms culture does for Bacillus 
and, conversely, that the coccoid forms culture may again assume 


the slender beaded appearance passage through warm-blooded 
animals. 
EXPLANATION PLATES. 


PLATE 40. 


Fic. pure culture grown per cent. alkaline fish agar, 
showing the maximum growth after six weeks’ incubation 32° Note the 
color (cadmium) and heavy corrugated appearance the growth. This culture 
was isolated from the spleen fatal case human leprosy November, 
and caused fatal leprosy the monkey here reported. 

Fic. The same culture (Bacillus lepre showing the amount surface 
growth glycerine bouillon that occurs three six weeks after the 
flasks are surface seeded. Note the wrinkled character the growth and its 
similarity, except color, the tubercle 


PLATE 41. 


Fics. and Microphotographs the same culture (Bacillus lepre 
stained with carbolfuchsin and treated with per cent. nitric acid followed 
per cent. alcohol. Note the variation morphology. the individual 
rods are long, slender, and distinctly beaded, and arranged clusters clumps; 
they are solidly stained and arranged pairs and short chains; the 
rods are solidly stained and appear diplococcoid lanceolated pairs. 

Fics. and Drawings showing the wide variation morphology 
that may occur for the same culture Bacillus lepre under different cultural 
environments. 

PLATE 42. 


Fic. 10, and Macacus rhesus monkey showing the experimental 
leprous lesions about the head and face. Note figure the partial closure 
the left eye with ulcers and nodules the regions involving the face, bridge 
nose, and the superciliary ridge. Figure shows large ulcerated 
cm. diameter, the occiput. Figure profile view the occipital 
mass. 
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Fics. and The brain and calvarium the same monkey, showing mul- 
tiple diffuse hemorrhagic areas the pia-arachnoid, and erosion through the 
skull caused the leprous process shown above figures and 11. 


PLATE 43. 


Fic. complete section the monkey’s spleen. Note the two leprous 
nodules, one either pole. These areas are similar color and consistence 
those the liver. 

Fics, and 16. Two views the monkey’s liver, which there are five 
sharply defined leprous nodules, four them situated the inferior lobe. 
These nodules are deeply seated, soft, and golden yellow color. 


PLATE 44. 


Fics. 17, 18, and 19. Microphotographs experimental leprous lesions pro- 
duced with pure cultures lepre Note figure the dense mosaic 
epithelioid cells interspersed with the so-called lepra cells. Figure shows 
leprous tubercles the peri-neural tissue and lymphoid cell infiltration between 
the nerve fibres. Figure shows the early microscopic lesion which composed 
lymphoid, plasma, and epithelioid cells. 


PLATE 45. 


Fics. and 21. Microphotograph stained smear preparations (carbol- 
fuchsin and Gabbett’s solution) from one the golden yellow nodules the 
liver. Note the enormous masses globi acid-fast bacilli, which striking 
feature the experimental, well human lesion. 

Fic. from the leprous abscess monkey, showing polymorphonu- 
clear cells that are phagocytic for Bacillus lepre. Note the striking resemblance 
the bacilli Bacillus 
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